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The  condensation  of  ethylic  trimethylenedicarboxylate  with  ethylic 

malonate. 

By  W.  A.  BONE,  Ph.D.,  and  W.  H.  PERKIN,  juii. 

WHEN  the  sodium  derivative  of  ethylic  malonate  is  digested  in  alco- 
holic solution  with  ethylene  bromide,  the  principal  product  of  the 
is  ethyhc  trimethylenedicarboxylafce  (Trans.,  1885,  47,  807), 

2CHNa(COOEt)2  +  CH2Br-CH2Br 

CH2 
=   £H2>C(C°OEt)2  +  CH2(COOEt)2  +  2NaBr, 

but  at  the  same  time,  ethylic  butanetetracarboxylate  is  formed  in  small 
quantity, 

2(COOEt)2CHNa  +  BrCH2-CH2Br 

=  (COOEt)2CH-CH2-CH2-CH(COOEt)2  +  2NaBr. 

Although  the  amount  of  this  ethereal  salt,  thus  obtained,  is  always 
very  small,  seldom  being  more  than  8  per  cent,  of  the  theoretical 
•  is  so  valuable  for  synthetical  work  that  numerous  experi- 
ments were  made,  with  the  object  of  improving  the  yield,  and 
ultimately  a  satisfactory  method  was  devised,  which  is  described  in 
detail  in  a  paper  published  a  short  time  since  (Trans.,  1894,  65 
578).  It  was  there  shown  that,  if  ethylene  chloride  be  used  inste'ad  of 
3thylene  bromide,  a  distinct  increase  in  the  yield  of  ethylic  butane- 
tetracarboxylate  is  obtained;  but  the  principal  product  in  this  case 
also  appears  to  be  ethylic  trimethylenedicarboxylate,  much  ethylic 
malonate  being  recovered  unchanged.  If,  now,  the  mixture  of  the 
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two  substances,  thus  recovered,  be  again  heated  with  sodium  ethoxide 
and  ethylene  chloride,  as  described  in  detail  in  the  paper  referred  to, 
the  yield  of  ethylic  butanetefcracarboxylate  is  enormously  increased, 
amounting,  as  it  frequently  does,  to  50  per  cent,  of  the  product.* 
The  reason  for  this  remarkable  increase  has  now  been  ascertained, 
and  it  has  been  found  that  the  addition  of  ethylene  chloride  in 
the  second  instance  is  unnecessary  ;  for  when  ethylic  trimethylene- 
dicarboxylate  and  ethylic  malonate  are  heated  with  sodium  ethoxide, 
they  react  readily,  forming  ethylic  butanetetracarboxylate. 


That  the  product  really  has  this  constitution  is  readily  proved  by 
hydrolysing  it  with  alcoholic  potash  and  subsequently  heating  the 
butanetetracarboxylic  acid  at  200°,  when  adipic  acid  is  quantitatively 
formed,  thus. 

(COOH)2CH-CH2-CH2-CH(COOH)2  = 

COOH-CH2-CH2-CH2-CH2-COOH  +  2C02. 

It  is  a  well-known  fact  that  the  ethereal  salts  of  unsaturated  acids, 
in  which  the  double  or  treble  linking  is  situated  between  two  carbon 
atoms,  one  of  which  is  directly  united  to  the  carboxyl  group,  readily 
act  on  ethylic  malonate  in  the  presence  of  sodium  ethoxide,  with 
formation  of  condensation  products  (Michael,  /.  pr,  Chem.,  35,  [2], 
349;  Auwers,  Ber.,  1891,  24,  307,  1923,  2887;  and  others). 

A  mixture  of  ethylic  fumarate  and  ethylic  malonate,  for  example, 
when  heated  with  sodium  ethoxide,  yield  ethylic  propanetetracar- 
boxylate,f 

COOEt-CH         CH(COOEt)2  _  COOEt-CH-CH(COOEt)2 
COOEt-CH         H  "  COOEt-CH2 

and  this  action  appears  to  be  general,  and  shown  by  all  a/3-unsatu- 
rated  acids,  but  not  by  those  which,  like  allylacetic  acid, 

CH2!CH-CH2-CH2-COOH, 
contain  the  double  linking  in  any  other  position. 

Obviously,  then,  in  condensing  with  ethylic  malonate  to  form 
ethylic  butanetetracarboxylate,  ethylic  trimethylenedicarboxylate  be- 
haves exactly  as  if  it  were  the  ethereal  salt  of  an  a/3-unsaturated  acid 
and  this  remarkable  condensation  is  very  interesting  in  view  of  its 
bearing  on  the  constitution  of  ethylic  trimethylenedicarboxylate. 

*  In  the  description  of  this  process  (loc.  cit.,  p.  579,  line  9),  instead  of  "  four 
bottles,"  read  "  eight  hottles." 

t  In  all  these  actions,  for  the  sake  of  simplicity,  the  intermediate  formation  of 
the  sodium  derivatives  of  the  ethereal  salts  has  not  been  represented  . 
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As  representing  the  constitution  of  this  product  of  the  action  of 
ethylene  bromide  on  ethylic  malonate,  two  formulae  have  been  pro- 
posed, namely. 

T      CH2  EtTiylic  trimethylenedicarboxylate, 

CH>  Perkin  (Trans.,  1885,  47,  817). 

TT      PTT'PTTr'W^r'nrnm        Ethylic    vinylmalonate,    Fittig 
DEt)2-         (Annalen,  1885,  227,  25). 

The  dibasic  acid  derived  from  this  ethereal  salt,  on  hydrolysis, 
must,  therefore,  be  either  trimethylenedicarboxylic  acid, 

?^>C(COOH)2  (I), 

or  vinylmalonic  acid,  CH2:CH-CH(COOH)2  (II). 

As  the  result  of  a  long  series  of  investigations,  it  has  been  clearly 
proved  that  these  substances  are  trimethylene  derivatives,  and  not 
unsaturated  compounds,  and  this  view  is  now  generally  adopted  (see 
Beilstein's  Handbuch,  Band  I,  711,  and  Victor  Meyer  und  Paul 
Jacobson,  Lehrbuch  der  Organischen  Chemie,  Band  II,  18). 

No  doubt,  in  many  respects,  these  and  other  trimethylene  deriva- 
tives behave  like  unsaturated  compounds,*  forming  additive  com- 
pounds with  bromine,  hydrogen  bromide,  sulphuric  acid,  &c.,  whilst, 
on  the  other  hand,  they  exhibit  properties  which  preclude  the  possi- 
bility of  their  being  ordinary  unsaturated  compounds,  and,  in  fact, 
their  whole  behaviour  is  in  complete  harmony  with  their  constitution 
as  trimethylene  derivatives,  as  Baeyer  has  indicated  in  his  "  Span- 
nung's  Theorie"  (Ber.,  1885,  18,  2277;  compare  Trans.,  1894,  951). 
The  formation  of  ethylic  butanetetracarboxylate  from  ethylic  malonate 
and  ethylic  trimethylenedicarboxylate,  as  described  above,  is  a  further 
proof  of  the  correctness  of  this  view,  and  can  only  be  explained  011 
the  assumption  that  the  latter  ethereal  salt  has  the  constitution 

/ITT 

V^2>C(COOEt)2. 
UrL2 

When  trimethylenedicarboxylic  acid  yields  additive  products,  it 
behaves  exactly  as  if  it  were  an  a/3-unsaturated  acid  ;  for  example, 
with  hydrogen  bromide  it  yields  «w-bromethylmalonic  acid, 

HBr  =  BrCH2-CH2-CH(COOH)2, 


*  It  is  the  intention  of  one  of  us,  on  a  future  occasion,  to  give  a  short  summary 
of  the  methods  of  formation  and  of  the  properties  of  trimethylene  compounds,  in 
order,  if  possible,  to  show  clearly  the  points  of  similarity  and  difference  between 
these  compounds  and  unaaturated  substances. 
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and,  when  warmed  with  dilute  sulphuric  acid,  it  is  converted  into 
carbobutyrolactonic  acid, 

+  H20  =  OH-CH2-CH2-CH(COOH)2. 

/3  a 

So  also  in  the  present  instance,  when  ethylic  trimethylenedicarboxy- 
late  combines  with  ethylic  malonate  to  form  ethylic  butanetetra- 
carboxylate,  it  behaves  like  the  ethereal  salt  of  an  a/3-  unsatu  rated 
acid,  and,  on  this  assumption,  the  action  becomes  perfectly  clear,  and 
is  represented  in  its  simplest  form,  thus. 


(COOEt)2CH2 

(COOEt)2CH-CH2-CH2-CH(COOEt)2. 

ft  a 

Similarly,  when  the  sodium  derivative  of  ethylic  methylmalonate 
is  employed,  ethylic  methylbutanetetracarboxylate, 

(COOEt)2CMe-CH2-CH2-CH(COOEt)2, 

is  formed,  and  other  trimethylenecarboxylic  derivatives  appear  to 
behave  in  like  manner,  clearly  showing  that  they  are  not  /*y-unsatu- 
rated  compounds,  as  suggested  by  Fittig. 

It   is   interesting   to   note   here  that  condensation  does  not  take 
place    when    a     mixture     of    ethylic    tetramethylenedicarboxylate, 
CH>CB2 
CH  -C(COOEt)  and  ethylic  malonate  is  heated  with  sodium  ethylate. 

Included  in  this  paper  is  an  account  of  the  physical  properties  of 

PTT 

trimethylenecarboxylic  acid,   I  T  2>CH-COOH,  the  determination  of 

UJcLa 

which,  as  well  as  the  further  study  of  the  chemical  properties  of  the 

substance,  show  clearly   its   relationship    to   the   dicarboxvlic    acid 

CH2 

^jj  >C(COOH)2,  from  which  it  is  prepared,  and  support  the  view 

that  it  is  a  derivative  of  trimethylene,  and  not  an  unsaturated  com- 
pound. 

We  are  engaged  on  a  further  study  of  the  behaviour  of  trimethyl- 
ene derivatives  towards  ethylic  malonate,  ethylic  acetoacetate,  and 
other  allied  compounds. 

Condensation  of  Ethylic  1  :  1-Trimethylenedicarboxylate  with  Ethylic 

Malonate. 

The  ethylic  trimethylenedicarboxylate  required  for  these  experi- 
ments was  prepared  by  heating  the  sodium  derivative  of  ethylic 
malonate  with  ethylene  dibromide  in  alcoholic  solution  under  pres- 
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sure  for  8 — 10  hours  at  100° ;  the  details  of  the  process  are  similar 
to  those  already  given  (Trans.,  1885,  47,  808),  about  350  grams  of 
ethylic  malonate  being  used.  The  product,  after  being  extracted 
with  ether  in  the  usual  way,  was  very  carefully  fractionated  at 
ordinary  pressure,  and  about  240  grams,  distilling  over  between  180° 
and  225°,  collected.  This  fraction  was  mixed  with  a  solution  of 
17  grams  of  sodium  in  absolute  alcohol  and  72  grams  of  ethylene 
dibromide,  and  the  mixture  heated  in  three  soda-water  bottles 
at  100°  for  five  hours ;  the  product,  isolated  and  extracted  in  the 
usual  manner,  was  submitted  to  a  careful  fractionation  under 
the  ordinary  pressure.  About  195  grams  distilled  between  180° 
and  225°,  of  which  at  least  two-thirds  came  over  above  200".  Of 
this  fraction,  approximately  one-third  was  considered  to  consist  of 
unchanged  ethylic  malonate  and  two-thirds  of  ethylic  trimethylene- 
dicarboxylate  (b.  p.  208°). 

Fifty  grams  of  this  product  were  now  mixed  with  30  grams  of 
ethylic  malonate,  the  mixture  added  to  a  solution  of  7  grams  of 
sodium  dissolved  in  90  grams  of  absolute  alcohol,  and  this  solution  of 
ethylic  trimethylenedicarboxylate  with  the  sodium  derivative  of 
ethylic  malonate  heated  in  soda-water  bottles  at  100°  for  eight 
hours.  As  much  as  possible  of  the  alcohol  having  been  distilled  off, 
the  dark  red  residue  was  mixed  with  water  and  acidified  with  dilute 
hydrochloric  acid  ;  the  thick,  reddish  oil  which  separated  was  extracted 
with  ether,  and  the  ethereal  solution,  after  being  well  washed  with 
water  and  dilute  sodium  carbonate  solution,  was  dried  over  calcium 
chloride,  and  the  ether  distilled  off.  The  residual  red  oil  was  now 
fractionated  under  reduced  pressure  (40  mm.),  when  about  a  quarter 
of  the  whole  passed  over  below  180°,  and  was  found,  on  examination, 
to  consist  of  a  mixture  of  ethylic  1 : 1 -trimethylenedicarboxylate  and 
ethylic  malonate.  The  temperature  then  rose  rapidly,  and  from  60 
to  70  grams  passed  over  between  210°  and  240°.  A.  small  quantity 
of  this  oil,  collected  at  238 — 240°  (40  mm.),  gave  the  following 
results  on  analysis,  showing  it  to  consist  of  ethylic  butane tetra- 

carboxylate. 

Found.  Theory.  C16H26O8. 

C 55'21  per  cent.  55'49  per  cent. 

H 7-60        „  7-51 

Hydrolysis  of  the  Oil. — In  order  to  prove  that  this  oil  was  ethylic 
butanetetracarboxylate,  it  was  mixed  with  three  times  its  volume  of 
concentrated  hydrochloric  acid,  glacial  acetic  acid  added  until  the  oil 
just  dissolved,  and  the  whole  digested  several  hours  in  a  reflux 
apparatus  on  a  sand  bath  ;  steam  was  then  driven  through  the  liquid 
until  the  whole  of  the  acetic  acid  had  been  removed,  and  the  solution 
filtered  and  evaporated  to  a  small  bulk  on  the  water  bath.  After 

I  2 
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a  time,  crystals  formed ;  these  were  separated  from  the  mother 
liquor,  redissolved  in  water,  and  the  aqueous  solution  boiled  with 
animal  charcoal;  the  solution  was  then  filtered  and  concentrated 
until  crystallisation  commenced.  On  standing,  colourless  crystals 
were  deposited,  which  melted  at  149°,  and  resembled  adipic  acid  in 
all  respects.  Analysis. 

Found.  Theory.  C6Hi0O4. 

0 49-01  per  cent.  49'31  per  cent. 

H 6-87        „  6-85 

This  formation  of  adipic  acid  proves  conclusively  that  ethylic 
butanetetracarboxylate  had  been  formed  by  the  condensation  of 
ethylic  trimethylenedicarboxylate  with  ethylic  malonate,  thus. 

CH<-C°°Et  CH2-CH(COOEt)2 

H2<COOEt  CH2-CH(COOEt); 

We  have  also  prepared  ethylic  butanetetracarboxylate  from  the 
low  boiling  product  of  the  action  of  ethylene  dichloride  on  the 
sodium  derivative  of  ethylic  malonate  (Trans.,  1894,  65,  579).  For 
this  purpose,  94  grams  of  the  product  which,  after  a  second  fractiona- 
tion,  distilled  over  between  200°  and  230°  (under  ordinary  atmo- 
spheric pressure),  was  mixed  with  a  solution  of  6'5  grams  of  sodium 
in  80  grams  of  absolute  alcohol,  and  heated  for  nine  hours  at  100°  in 
a  soda-water  bottle.  It  was  then  poured  into  water,  the  solution 
acidified  with  dilute  hydrochloric  acid,  and  the  heavy  oil  which 
separated  extracted  with  ether  ;  the  ethereal  solution,  after  being 
washed  with  a  dilute  solution  of  sodium  carbonate  and  with  water, 
was  dried  over  calcium  chloride,  and  the  ether  distilled  off.  The 
oily  residue  was  first  distilled  under  the  ordinary  pressure,  when  30 
grams  came  over  below  230°  ;  the  distillation  was  then  continued 
under  reduced  pressure  (70  mm.),  when  the  oil  began  to  pass  over  at 
180°,  and  two  fractions  were  collected,  one  at  180 — 225°,  and  the 
other  at  225—240°. 

This  higher  fraction  (225—240°),  when  hydrolysed  by  means  of  a 
mixture  of  concentrated  hydrochloric  and  glacial  acetic  acids  in  the 
manner  already  described,  yielded  colourless  crystals  melting  at 
149 '5°,  and  possessing  all  the  properties  of  adipic  acid. 

Analysis  of  the  acid  gave  the  following  numbers. 

Calculated  for 
Found.  adipic  acid. 

Carbon 48'84  per  cent.  49'31  per  cent. 

Hydrogen 673        „  6'85        „ 
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Condensation  of  Ethylic  Trimethylenedicarboxylate  with  Etht/lic  Methyl- 

malonate.    Formation  of  Ethylic  Methylbutanetetracarboxylate, 

(COOEt)2CMe-CH2-CH,;CH(COOEt)2. 

In  order  to  bring  further  evidence  in  support  of  this  remarkable 
property  of  ethylic  trimethylenedicarboxylate,  experiments  were  tried 
with  the  object  of  obtaining  a  condensation  product  from  this  com- 
pound and  ethylic  methylmalonate.  In  doing  this,  it  was  found 
to  be  unnecessary  to  isolate  the  ethylic  trimethylenedicarboxylate, 
provided  all  the  ethylic  malonate  in  the  mixture  of  this  substance 
with  ethylic  trimethylenedicarboxylate  (p.  112)  was  converted  into 
the  mono-  or  di-methyl  derivative.  To  effect  this,  180  grams  of  the 
mixture  was  added  to  a  solution  of  12'6  grams  of  sodium  in  160  grams 
of  ethylic  alcohol,  then  80  grams  of  methylic  iodide,  and  the  whole 
heated  on  the  water  bath  in  a  reflux  apparatus  for  one  hour  ;  in  this 
way,  the  ethylic  malonate  present  was  completely  transformed  into 
the  mono-  or  di-methyl  derivative,  the  large  quantity  of  sodium 
ethylate  and  methylic  iodide  employed  ensuring  the  complete  con- 
version of  the  ethylic  malonate.  After  the  excess  of  alcohol  had 
been  distilled  off  on  the  water  bath,  the  product  was  poured  into 
water,  and  the  oil  which  separated  was  extracted  with  ether.  The 
ethereal  solution,  after  being  well  washed  with  a  dilute  solution  of 
sodium  thiosulphate,  to  remove  iodine,  and  then  with  water,  was 
dried  over  calcium  chloride,  and  the  ether  distilled  off ;  the  oily 
residue,  on  fractionation,  yielded  a  colourless  oil  distilling  between 
180°  and  220°.  90  grams  of  this  oil  was  mixed  with  40  grams  of 
ethylic  methylmalonate,  the  whole  added  to  12  grams  of  sodium 
dissolved  in  150  grams  of  absolute  alcohol,  and  the  mixture  heated  in 
soda-water  bottles  for  10  hours  at  100°.  After  distilling  off  as  much 
alcohol  as  possible  on  the  water  bath,  the  product  was  poured  into 
water,  acidified  with  dilute  hydrochloric  acid,  and  extracted  with 
ether.  The  ethereal  solution,  after  being  well  washed  with  dilute 
sodium  carbonate  solution  and  with  water,  was  dried  over  calcium 
chloride,  and  the  ether  distilled  off.  The  residual  oil,  when  distilled 
under  reduced  pressure  (40  mm.),  gave  60  grams  of  distillate  below 
180° ;  the  thermometer  then  rose  rapidly,  and  25  grams  came  over 
between  200°  and  250° ;  the  greater  portion  of  this,  when  refrac- 
tionated,  passed  over  at  240°  (40  mm.),  and  was  analysed  with  the 
following  results. 

Calculated  for 
Found.  C17H28O8. 

Carbon 56'09  per  cent.  56'66  per  cent. 

Hydrogen 7'81        „  7'77        „ 

The    oil   is   therefore  ethylic   methylbutanetetracarboxylate,    and 
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its  constitution  is  proved  by  the  fact  that,  on  hydrolysis  and 
quent  distillation,  it  yields  a-methyladipic  acid, 

COOH-CHMe-CH2-CH2-CH3-COOH. 

oL-Methyladipic  acid. 

Hydrolysis  of  the  Oil. — Twenty-five  grams  of  the  oily  ethylic 
methylbutanetetracarboxylate  just  described  were  carefully  added  to 
a  well-cooled  solution  of  25  grams  of  potassium  hydroxide  in  methylic 
alcohol.  Very  little  action  took  place  in  the  cold,  but  on  heating  in 
a  reflux  apparatus  on  the  water  bath,  the  potassium  salt  of  the  acid 
separated  in  minute  crystals.  After  heating  for  eight  hours,  the  pro- 
duct was  poured  into  water,  the  liquid  evaporated  until  free  from 
methylic  alcohol,  and  the  solution,  which  should  be  as  concen- 
trated as  possible,  was  acidified  with  hydrochloric  acid,  and  extracted 
several  times  with  pure  ether.  The  ethereal  solution,  after  being 
dried  over  calcium  chloride  and  evaporated,  left  a  thick,  almost 
colourless  syrup,  presumably  methylbutanetetracarboxylic  acid. 
This,  when  distilled  under  reduced  pressure  (60  mm.),  evolved 
carbon  dioxide,  a  colourless  acid  distilling  over  between  250°  and 
260° ;  the  latter,  on  being  allowed  to  remain  over  night,  solidified 
to  a  white  crystalline  mass  of  nearly  pure  a-methyladipic  acid,  which 
was  spread  out  on  a  porous  plate  and  allowed  to  stand  for  some  days, 
until  free  from  oily  mother  liquor.  Great  difficulty  was  experienced 
in  recrystallising  this  acid,  owing  to  its  excessive  solubility,  and  the 
slight  tendency  it  has  to  crystallise,  in  which  respect  it  differs  in  a 
marked  manner  from  adipic  acid.  The  most  satisfactory  results 
were  obtained  by  dissolving  the  acid  in  a  very  small  quantity  of 
water,  and  evaporating  in  a  vacuum  over  concentrated  sulphuric  acid, 
the  thick  syrup  which  was  left  deposited  ill-defined  nodular  masses 
when  left  for  a  week  or  more  in  a  vacuum  ;  these  were  dried,  first  on 
a  porous  plate,  then  in  a  vacuum  over  sulphuric  acid,  and  analysed. 

Theory. 
Found.  COOH- CHMe- CH2-CH2  CH2-  COOH. 

Carbon 5210  per  cent.  52 '50  per  cent. 

Hydrogen    ....        7'34        „  7'50 

a-Methyladipic  acid  melts  at  about  64°,  but  this  melting  point 
must  be  taken  as  only  approximate,  owing  to  the  difficulty  expe- 
rienced in  recrystallising  the  acid. 

It  is  excessively  soluble  in  water,  readily  in  alcohol  and  ether,  and 
sparingly  in  cold,  but  readily  in  hot  benzene  or  light  petroleum.  If 
the  benzene  solution  be  allowed  to  evaporate  slowly  in  the  air,  the 
acid  separates  in  stellate  groups  of  minute  foliated  crystals. 
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Salts  of  oc-Methyladipic  acid. 

Calcium  Salt. — This  differs  from  the  corresponding  salt  of  adipic 
acid  in  being  somewhat  readily  soluble  in  water ;  no  precipitate  is 
formed  on  adding  excess  of  a  concentrated  solution  of  calcium 
chloride  to  a  neutral  solution  of  the  ammonium  salt  of  the  acid,  but 
on  carefully  concentrating  the  mixture  on  the  water  bath,  the  calcium 
salt  separates  in  colourless  needles. 

Silver  Salt. — On  adding  a  solution  of  silver  nitrate  to  the  neutral 
solution  of  the  ammonium  salt,  a  white  precipitate  of  the  silver  salt  is 
formed  immediately.  It  is  moderately  soluble  in  hot,  but  only  slightly 
in  cold  water.  For  analyses,  the  salt  was  dried,  first  on  a  porous 
plate,  and  then  in  a  vacuum  over  sulphuric  acid  ;  it  may  be  exposed 
to  diffused  daylight  for  several  hours  without  any  change  in  colour, 
and  may  be  dried  at  100°  without  any  perceptible  decomposition. 

The  salt  was  analysed  in  two  ways  :  (I)  it  was  decomposed  by  dilute 
nitric  acid,  and  the  silver  precipitated  by  dilute  hydrochloric  acid  ; 
(II)  it  was  carefully  ignited,  and  the  residual  silver  weighed. 

Calculated  for  C7H10O4Ag2. .      Silver  =  57' 75  per  cent. 

Found „      (I)  57-78 ;   (II)  57'81  per  cent. 

It  seemed  interesting  and  important  to  ascertain  whether  this 
remarkable  property  of  trimethylene  compounds  of  forming  additive 
compounds  with  ethylic  malonate  is  shared  by  the  corresponding 
tetramethylene  derivatives.  We  accordingly  prepared  ethylic  1:1- 
tetramethylenedicarboxylate  by  the  action  of  trimethylene  bromide 
on  the  sodium  compound  of  ethylic  malonate,  the  details  of  the 
method  have  already  been  given  by  one  of  us  (Trans.,  1887,  51,  2). 
This  was  then  mixed  with  the  calculated  quantity  of  ethylic 
malonate  and  sodium  ethylate,  in  alcoholic  solution,  and  the  whole 
was  heated  in  a  sealed  tube  for  nine  hours  at  100°.  On  isolating  the 
product  in  the  usual  manner,  it  was  found  to  consist  entirely  of 
ethylic  malonate  and  tetramethylenedicarboxylate.  Evidently,  then, 
under  these  circumstances  detailed  in  this  paper,  the  tetramethylene  is 
much  more  stable  than  the  trimethylene  ring. 

9TT 
_ g g ,      _2>CH-COOH. 

OH2 

The  properties  of  this  important  derivative  of  trimethylene  have, 
so  far,  not  been  carefully  studied  ;*  and  it  therefore  appeared  to  us 
that  it  would  be  interesting  to  prepare  as  pure  a  sample  as  possible 

*  The  work  already  done  on  this  acid  is  contained  in  the  following  papers  : 
Fittig  and  Eoeder,  Annalen,  1885,  227,  25 ;  W.  H.  Perkin,  jun.,  Ber.,  1884,  17, 
57  j  and  1885,  18,  1738;  Trans.,  1885,  47,  815. 


117   W.  A.  BONE  AND  W.  H.  PERKIN,  JUN.  :  CONDENSATION 

of  the  substance,  in  order  that  its  physical  constants  might  be 
determined. 

For  this  purpose,  I  :  1-trimethylenedicarboxylic  acid  was  highly 
purified  and  submitted  to  distillation ;  the  distillate,  consisting  of  a 
mixture  of  trimethylenecarboxylic  acid  and  butyrolactone,  was  then 
dissolved  in  water,  sodium  carbonate  added  until  the  liquid  was 
alkaline,  and  the  butyrolactone  removed  by  repeated  extraction  with 
purified  ether.  The  alkaline  solution  was  next  acidified,  and  the 
trimethylenecarboxylic  acid  extracted  with  pure  ether;  the  ether 
having  been  distilled  off,  the  treatment  with  sodium  carbonate  was 
repeated,  in  order  to  remove  the  last  traces  of  butyrolactone,  and  the 
acid  finally  purified  by  careful  fractionation. 

The  portion  boiling  at  182 — 183° — that  used  in  the  experiment 
described  below — gave  the  following  results  on  analysis. 

Found.  Theory.  C4F6O2. 

C   55-57  per  cent.  55'81  per  cent. 

H 7-13        „  6-98 

Trimethylenecarboxylic  acid  is  miscible  with  water  in  all  propor- 
tions ;  the  "  dissociation  constant "  was  kindly  determined  by  Dr. 
Walker,  who  found  K  =  0*0014 ;  but  the  results  were  not  quite  so 
sharp  as  could  have  been  wished,  owing,  possibly,  to  slight  decom- 
position of  the  acid  in  aqueous  solution. 

The  determinations  of  the  density,  magnetic  rotation,  and  refractive 
power  of  this  acid  were  carried  out  by  W.  H.  Perkin,  sen.,  with  the 
following  results. 

Relative  Density  Determinations. 

<Z4°/4°  =  1-1024.        dlO°/10°  =  1-0966.        d!5°/15°  =  1-0923. 
d20°/20°  =  1-0884.        d25c/25°  =  1-0848. 

Magnetic  Rotation. 

This  was  twice  determined,  and  the  numbers  given  are  the  mean 
of  64  readings. 

t-  Sp.  rotation.  Mol.  rotation. 

18-6°  0-9443  4-141 

The  value  estimated  as  butyric  acid  minus  H2 ,  assuming  the  acid 
to  be  saturated,  is  3'964 ;  on  the  other  hand,  an  unsaturated  acid  of 
this  formula  would  have  the  calculated  value  5'584.  a-Crotonic  acid, 
CH3-CH:CH-COOH,  calculated  from  the  magnetic  rotation  of  its 
ethylic  salt,  has  the  value  6'589.  These  numbers,  therefore,  prove 
clearly  that  trimethylenecarboxylic  acid  cannot  be  an  unsaturated 
acid. 
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Refractive  Power. 


. 
Line.  p-  d  d 

A  .............  1-43196  0-39649  34*098 

Ha  ............  1-43500  0-39928  34-338 

D  .............  1-43763  0-40170  34'546 

H/5  .............  1-44388  0-40743  35-039 

Hv  .............  1-44910  0-41222  35*451 

H  (estimated)  .  .  35'800 

The  dispersion  H  —  A  is  about  1'70. 

The  formula  C4H6O2,  estimated  for  A  by  Gladstone's  value,  requires, 
if  saturated,  34'00,  if  unsaturated,  35'10  ;  by  Bruhl's  value  for  Htt,  if 
saturated,  34'00,  but  if  unsaturated,  36"3.  The  experimental  result 
thus  confirms  the  constitution  deduced  from  the  magnetic  rotation 
determinations,  showing  that  trimethylenecarboxylic  acid  cannot  be 
an  unsaturated  compound. 

In  connection  with  this  point,  the  behaviour  of  this  acid  towards 
permanganate  in  alkaline  solution  is  also  interesting. 

If  the  pure  acid  be  dissolved  in  a  slight  excess  of  sodium  carbon- 
ate at  0°,  the  solution  will  not  decolorise  permanganate  at  once,  but 
does  so  on  long  standing,  and  very  rapidly  if  the  solution  is  gently 
warmed.  The  acid  is  much  more  stable  towards  permanganate  than 
an  unsaturated  acid,  but  is,  on  the  other  hand,  much  more  readily 
oxidised  than  the  corresponding  tetramethylenecarboxylic  acid  ;  this 
is  what  might  be  expected,  from  the  study  of  the  chemical  properties 
of  the  two  acids. 

Action  of  Hydrogen  Bromide  on  Trimethylenecarloxylic  acid.     Forma- 
tion of  ^-Bromobutyric  acid,  CE2Br'CH2-CH2-COOH, 

Trimethylenecarboxylic  acid  dissolves  readily  in  fuming  hydro- 
bromic  acid  with  slight  development  of  heat,  and  there  is  apparently 
little  action  in  the  cold;  on  heating  in  a  sealed  tube  at  175°,  however, 
decomposition  takes  place  readily,  and  the  contents  of  the  tube 
separate  into  two  layers.  The  product  was  poured  into  water,  the 
oily  layer  extracted  with  ether,  and  the  ethereal  solution  well  washed 
with  water  and  dried  over  calcium  chloride;  on  evaporating,  an 
almost  colourless  oil  was  obtained,  which  solidified  to  a  mass  of 
crystals  on  cooling  ;  these,  after  standing  over  sulphuric  acid  in  a 
vacuum,  in  contact  with  porous  porcelain  ,  became  colourless,  and,  on 
analysis,  gave  the  following  results. 

Found.  Theory.  C4H7BrO2. 

Br  ........      48-32  per  cent.  47'90  per  cent. 

This  substance  melts  at  33  —  35°,  and  is  obviously  identical  with 


119  ETHYLIC   TRIMETHYLENEDICARBOXYLATE. 

the  7-bromobutyric  acid,  melting  at  32 — 33°,  obtained  by  Henry 
(Bull.  Soc.  Clu'm.,  46,  65)  from  7-butyrolactone,  by  the  action  of 
hydrobromic  acid. 

This  experiment  shows  that  trimethylenedicarboxylic  acid  and 
trimethylenemonocarboxylic  acid  behave  similarly  when  treated  with 
hydrobromic  acid,  both  yielding  7-bromo-additive  products. 

Owens  College  Chemical  Laboratory, 
Manchester. 
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Derivatives  of  tetramethylene. 

By  W.  H.  PERKIN,  jnn. 
THE  close  relationship  which  exists  between  tetramethylenecarboxylic 

acid    i     2    I     2  ~~  ~TT  and  the  fatty  acids,  especially  the  valeric  acids, 
Cxia  *  OJuL  '  COOH. 

not  only  in  physical  properties,  but  also  in  general  chemical  behaviour, 
has  been  frequently  pointed  out  ;  and,  in  view  of  this  close  agree- 
ment, the  statement  of  Freund  and  Gudeman  (Ber.,  21,  2695),  that 
the  amide  of  tetramethylenecarboxylic  acid  on  treatment  with  bromine 
and  potash  does  not  yield  more  than  traces  of  tetramethyleneamine, 

/ITT   ,r<TT 

2  ,  seemed  remarkable,  especially  when  it  is  remembered 


that  under  similar  conditions  90  per  cent,  of  the  theoretical  yield  of 
isobutylamine  is  obtained  from  the  amide  of  isovaleric  acid  (Hofmann, 
Ber.,  15,  769). 

In  order  to  investigate  the  cause  of  this  difference  in  behaviour, 
numerous  experiments  on  this  reaction  were  made,  and  it  was  found 
that  when  the  pure  amide  of  tetramethylenecarboxylic  acid  (melting 
at  152  —  153°)  is  employed,  an  excellent  yield  of  tetramethyleneamine 
is  obtained  ;  on  the  other  hand,  an  impure  amide,  such  as  was  used 
by  Freund  and  Gudeman  (they  give  the  melting  point  of  138°),  gives 
only  traces  of  the  base  under  the  same  conditions. 
C*  FT  •  (~*  TT 

Tetramethyleneamine,  I         I  ,  is  a  colourless  liquid  which 

0112'  Oxi*  JN  0.2 

boils  at  81  °,  and  closely  resembles  isoamylamine  in  general  proper- 
ties ;  it  has  a  strong,  basic  odour,  mixes  with  water  with  develop- 
ment of  heat,  and  gives  beautifully  crystalline  salts,  of  which  the 
hydrochloride,  C4H9N,HC1,  and  the  platinochloride,  (C4H9N)2,H2PtCl6, 
were  analysed  :  the  former  salt,  when  treated  with  silver  nitrite  in 
aqueous  solution,  is  converted  almost  quantitatively  into  hydroxy- 
tetramethylene. 


This  secondary  alcohol  boils  at  123°  and  shows  the  closest  resemblance 
to  the  fatty  alcohols  containing  the  same  number  of  carbon  atoms  ;  it 
might,  indeed,  be  readily  mistaken  for  normal  butylic  alcohol. 

When  digested  with  fuming  hydrobromic  acid,  hydroxy  tetra- 
methylene behaves  in  a  remarkable  manner,  as  although  it  is  in  part 
converted  into  bromotetrarnethylene,  a  colourless  oil  boiling  at  104°, 
and  closely  resembling  butylic  bromide  in  properties, 

b 
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CH2-CH2  CH2-CH2 

6H2.6H-OH  +  ]  = 
the  principal  product  is  a  dibromobutane,  C4H8Br2,  boiling  at  173  — 
174°,  which  must  have  been  formed  by  the  disruption  of  the  four- 
carbon  ring, 


a  behaviour  which,  so  far,  has  only  been  observed  in  the   case   of 
trimethylene  and  some  of  its  derivatives. 

As  none  of  the  dibromobutanes,*  which  had,  so  far,  been  prepared, 
agreed  in  their  properties  with  the  product  obtained  from  hydroxy- 
tetramethylene,  experiments  were  instituted  with  the  object  of 
synthesising  the  missing  members  of  the  series,  and  in  this  way 
determining  with  which  of  them  this  dibromobutane  was  identical. 
Ultimately,  the  required  isomeride  was  obtained  as  follows. 

Aldol  was  reduced,  in  neutral  solution,  with  sodium  amalgam  and 
thus  converted  into  1  :  3-dihydroxybutane, 

CH3-CH(OH)-CH2-CHO  +  H2  =  CH8-CH(OH)-OH,-OH8-OH, 
and  this,  when  treated  with  hydrobromic  acid,  yielded  1  :  3-dibromo- 
butane,  CH3-CHBr-CH2-CH2Br,  which  boils  at  174°,  and  was  found 
to    be  identical  in    all  respects  with  the    dibromide  obtained   from 
hydroxytetrametbylene. 

In  the  formation  of  this  dibromobutane  from  hydroxytetramethyl- 
ene,  it  is  probable  that  bromotetramethylene  is  first  produced,  which 
then  reacts  with  a  further  quantity  of  hydrobromic  acid  with  dis- 
ruption of  the  tetramethylene  ring,  thus  : 

,  !(?'!U2  +  HBr  =  CH3-CHBr-CH2-CH2Br. 
rJrU-tl  •  Gtijj 

That  the  tetramethylene  ring  may  be  split  in  this  way  is  a  very 
interesting  fact  when  taken  in  connection  with  Baeyer's  view  of  the 
stability  of  rings  as  developed  by  him  in  his  well-known  "  Spannung's 
Theorie"  (J5er.,  18,  2277),  which  is,  briefly  stated,  as  follows. 

If  it  be  supposed  that  the  four  affinities  of  the  carbon-atom  act  in 
the  direction  of  lines  drawn  from  the  centre  of  a  tetrahedron  to  the 

*  This  will  be  readily  seen  from  the  following  table,  which  gives  the  known 
isomerides  with  their  boiling  points  :  — 

1  :  2  Dibromobutane,  CK3  •  CH2  •  CHBr  •  CH2Br        B.  p.  166° 
1:4  „  CH2Br-CH2-CH2-CH2Br  „       190 

2:2  „  OH,.CH2.CBr2.CH3  „       145 

2:3  „  CH-j-CKBr-CHBr-CHg  „       158 

1  :  3  Dibromobutane,  CH3.CHBr-CH2-  CH2Br    obtained     as      explained 
above  boils  at  174°. 
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corners,  then  these  directions  are  inclined  to  one  another  afc  an  angle 
of  109°  28'. 

When  such  carbon-atoms  combine  together  to  form  a  closed  chain 
the  direction  of  these  affinities  must  be  altered,  and  to  do  this  a 
certain  strain  ("  Spannung  ")  must  be  applied,  which  may  be  measured 
by  the  angle  through  which  the  line  of  affinity  is  supposed  to  be 
deviated.  CH3 

In  the  case  of  trimethylene  H2C— -CH2,  for  example,  in  which  the 
carbon-atoms  are  assumed  to  be  situated  at  the  corners  of  an  equi- 
lateral triangle,  the  angles  between  two  affinities  of  each  carbon-atom 
forming  the  ring  is  60°,  that  is  to  say,  the  direction  of  each  affinity 
has  been  displaced  through  an  angle  of  J(109°  28'— 60°)  =  24°  44'  ;  in 

H2C CH2 

the  formation  of  the  tetramethylene  ring,  ,  the  angle  of 

H^jC CH2 

displacement  is  much  less,  e.g.,  4(109°  28'— 90°)  =  9°  44'. 

The  following  table,  taken  from  Baeyer's  paper,  shows  the  devia- 
tion of  the  direction  of  each  affinity  of  the  carbon- atom  necessary  in 
combining  with  other  carbon-atoms  to  form  rings. 


CH2 

II 
CH2 

+  54°  44' 

In  ethylene,  the  deviation  is  greatest,  and  the  tendency  of  the  ring 
to  open  out  with  formation  of  additive  products  would,  therefore,  be 
assumed  to  be  very  pronounced  ;  and  this  is  found  experimentally  to 
be  the  case,  since  ethylene  combines  with  the  greatest  ease  with  hydro- 
gen bromide,  bromine,  chlorine,  and  even  iodine ;  in  the  case  of  tri- 
methylene, the  deviation  is  very  much  less,  and  this  gas,  although  it 
combines  with  hydrogen  bromide  and  with  bromine  with  disruption 
of  the  ring,  does  so  with  much  greater  difficulty  than  ethylene  ; 
chlorine  does  not  act  on-trimethylene  at  all  except  in  the  presence  of 
sunlight,  and  then  the  principal  products  of  the  action  are  the  substitu- 
tion products,  monochlorotrimethylene,  C3H5C1,  and  dichlorotrimethyl- 
ene,  C3H4C12,  some  trimethylene  chloride,  CH2C1'CH2 -CHaCl,  and 
other  products  being,  however,  also  produced  (Grustavson,  /.  pr.  Chem., 
1894,  50,  380). 

In  accordance  with  Baeyer's  theory,  the  tetramethylene  ring 
should  be  much  more  stable  than  the  trimethylene  ring,  and  this  is 
clearly  proved  to  be  the  case  from  a  comparison  of  the  properties  of 
some  of  the  derivatives  of  these  hydrocarbons. 

I  2 


CHo 

CH2 

CH2 

CH2-CH2 

H2C      CH2 

IT2C      CH2 

/\ 
H2C  —  CH2 

CH2-CH2 

1        1 
H2C  CH2 

H2C      CH2 

CH2 

+  24°  44' 

+  9°  44' 

+  0°  44' 

-  5°  16' 
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Trimethylenecarboxylic  acid,  for  example,  is  readily  acted  on  by 
hydrogen  bromide  with  formation  of  ^-bromobutyric  acid, 

CH, 

+  HBr  =  CH2Br-CH2-CH2-COOH, 
H2C—  CH-COOH 

whereas  tetramethylenecarboxylic  acid  is  not  decomposed  even  when 
heated  with  fuming  hydrobromic  acid  at  150°,  and  many  other 
similar  cases  might  be  cited  ;  on  the  other  hand,  bromotetramethyl- 
ene  is  decomposed  by  boiling  concentrated  hydrobromic  acid,  bat 
comparatively  slowly. 

This  difference  in  the  behaviour  of  bromotetramethylene  and 
tetramethylenecarboxylic  acid  is  very  remarkable,  the  nature  of  the 
substituting  groups  obviously  having  a  very  pronounced  effect  on 
the  stability  of  the  ring  ;  this  same  difference  of  stability  is  also  very 
marked  in  the  case  of  the  trimethylene  compounds,  as  will  be  shown 
in  a  subsequent  paper. 

It  would  be  exceedingly  interesting  to  study  the  behaviour  of 
pentamethylene  and  hexamethylene  and  their  derivatives  towards 
hydrobromic  acid,  as,  according  to  Baeyer's  theory,  the  former,  owing 
to  the  slight  strain  necessary  for  its  formation,  would  probably  not  be 
attacked;  this,  moreover,  seems  to  be  true,  since  pentamethyleue-1  :2-di- 
carboxylic  acid,  for  example,  may  be  heated  with  hydrobromic  acid 
at  150°  without  change. 

Hexamethylene  and  its  derivatives  might  under  similar  conditions 
be  decomposed,  but  probably  not  so  readily  as  tetramethylene  com- 
pounds, and  the  behaviour  of  these  substances  would  be  an  important 
test  of  the  value  of  the  "  Spannung's  Theorie." 

In  connection  with  this  point,  it  should  be  noted  that  benzene, 
when  heated  at  260  —  270°,  with  hydriodic  acid  containing  iodine, 
yields  hexane  (comp.  Baeyer,  Annalen,  278,  89)  with  disruption  of  the 
ring.  Possibly,  in  this  case,  hexamethylene  iodide,  C6H13I,  or  di- 
iodide,  C6H12I?,  may  first  be  produced,  and  then  reduced  to  hexane  by 
the  further  action  of  the  hydriodic  acid. 

CH  *CH 

Chlorotetramethylene,    I     2    I     1,  ,  may  be  readily  obtained  by  the 
* 


action  of  phosphorus  peutachloride  on  hydroxytetramethylene.  It 
is  a  colourless  oil  which  boils  at  85°,  and  when  treated  with  potas- 
sium iodide  in  alcoholic  solution  yields  iodotetramethylene,  CiH?! 
(b.  p.  138°),  although  the  action  does  not  take  place  readily.  The 
last-named  substance  was  prepared  in  considerable  quantity  (30 
grams),  in  the  hope  that  tetramethylene  might  be  obtained  from  it 
by  reduction  under  suitable  conditions,  and  that  by  treatment  with 
quinoline  (Baeyer,  Annalen,  278,  107),  dihydrotetrene*  might  be 
formed,  thus. 

*  With  regard  to  this  nomenclature,  see  Trans.,  1890,  57,  214. 
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CH 
CH 


2-CH2  CH2'C 

2-CHI     =  CH2-C 


CH 
CH 


The  preliminary  experiments  gave  results  which  seemed  to  bear  out 
these  suppositions  ;  but,  on  the  other  hand,  it  was  soon  evident  that 
a  detailed  examination  of  such  hydrocarbons,  which  would  probably 
boil  at  about  20°  and  35°  respectively,  could  only  be  carried  out  with 
such  quantities  of  material  as  it  would  be  almost  impossible  to  obtain 
])j  the  methods  described  in  this  paper,  and  therefore  this  part  of  the 
subject  was  not  further  investigated. 

The  close  resemblance  of  chloro-,  bromo-,  and  iodo-tetrameth- 
ylene  to  the  corresponding  butyl  compounds  is  very  marked,  as 
will  be  seen  from  a  comparison  of  their  properties.  The  tetra- 
methylene  compounds  all  boil  somewhat  higher  than  the  butyl  com- 
pounds, and  this  is  also  noticeable  in  the  case  of  other  tetramethylene 
derivatives,  which  all,  without  exception,  boil  higher  than  the  corre- 
sponding saturated  fatty  compounds,  as  is  seen  from  the  following 

riTT    .  /"ITT 

table,  in  which  the  symbol  n  is  used  for  I     2    I     2 . 

C/-O.2  *  O-ti~ 


Tetramethylene 
derivatives. 

B.p. 

Butane 
derivatives. 

B.p. 

Diff. 

D-COOH  

195° 

C4H9.COOH 

186° 

+  9° 

Q  .NH2     

81 

dHo  •  NH, 

76 

+  5 

n-OH  

123 

C4H9  •  OH 

116 

+  7 

Q.Ql         

85 

C4H9C1 

77 

+  8 

D'Br 

104 

C4H9Br 

100 

+  4 

D-I    

138 

C4H9I  

131 

+  7 

Other  examples  illustrating  the  same  point  might  also  be  given. 

In   the   second  part  of  this  paper,  the   results   of  a  detailed  in- 
vestigation of  the  action  of  bromine  on  tetramethylenedicarboxylic 

CH2-CH-COOH 

acid,    I         i       nrkrxTT>    are  described,  an  investigation   which   was 
CJbLj*  Cxi*  UUUxi 

undertaken   in  the  "first  instance  in  the  hope  of  obtaining  tetrene- 

r^TT '  r1  •  OOOTT 
dicarboxylic  acid,   I         I    nnnYr*  ^e  s^u^7   °f  which,  in  considera- 

OM .  U  •  OUUxi 

tion  of  the  similarity  of  its  constitution  to  that  of  phthalic  acid, 
must  have  given  very  interesting  results  ;  but  this  acid  could  not  be 
isolated.  Nevertheless,  many  other  substances  were  obtained  which 
are  of  considerable  interest. 

When    tetramethylenedicarboxylic     anhydride     is    treated    with 
excess  of    bromine  in    presence   of    phosphorus,    substitution  takes 


955  W.  H.  PERKIN,  JUN.  : 

place,  and  the  crystallised  product  of  the  reaction,  after  treatment 
with  water,  is  found  to  consist  principally  of  c^s-dibromotetra- 
methylenedicarboxylic  acid, 

CH2-CH-COOH  CH2-CBr-COOH 

AH..AH.COOH  +  2Br2==  CH^Br-coon  +  2HBr' 

This  acid  melts  at  202 — 205°,  and  when  treated  with  acetic  anhy- 
dride yields  an  anhydride  (m.  p.  104°)  ;  as  this  is  reconverted  into 
the  original  acid  when  dissolved  in  water,  the  latter  must  be  the  cis- 
dicarboxylic  acid. 

Traws-dibromotetramethylenedicarboxylic  acid  could  not  be  ob- 
tained by  heating  the  c^s-acid  in  sealed  tubes  with  concentrated 
hydrochloric  or  hydrobromic  acid  at  180° ;  the  product  from  these 
experiments  melted  at  200 — 203°,  and  could  not  be  distinguished 
from  the  c/s-aeid.  The  trans-acid  is  therefore  either  not  formed  in 
this  way.  or  is  very  similar  to  the  c^s-acid  in  physical  properties ;  the 
latter  alternative  is  by  no  means  improbable,  as  the  cis-  and  ^raws- 
modifications  of  tetramethylenedicarboxylic  acid  are  themselves  so 
very  similar  that  a  careful  examination  of  their  chemical  properties 
is  necessary  before  they  can  be  distinguished  (Trans.,  this  vol.,  572). 

It  would  be  very  remarkable  if  dibromotetramethylenedicarboxylic 
acid  were  found  to  exist  in  only  one  form,  not  only  from  the  fact  that 
the  parent  substance  tetramethylenedicarboxylic  acid  itself  exists  in 
the  cis-  and  ^raws-modifications,  but  also  because  succinic  acid,  which 
is  similar  to  these  acids  in  constitution,  when  treated  with  bromine, 
yields  a  mixture  of  stereoisomeric  dibromo-acids. 


Br 

Br 

H-C-COOH 

H-C-COOH 

H-C-COOH 

COOH-C-H 

i 

i 

Br 

Br 

Cis-acid. 

Trans-a,cid. 

The  study  of  the  action  of  alkalis  on  dibromotetramethylenedi- 
carboxylic  acid  has  yielded  very  unexpected  results,  as,  when  this 
acid  is  treated  with  either  strong  or  weak  bases,  such  as  potash, 
baryta,  silver  oxide,  quinoline,  or  dimethylaniline,  under  various  con- 
ditions, the  principal  product  of  the  action,  and  indeed,  in  most  cases 
the  only  product  which  could  be  isolated,  was  bromodihydrotetrene- 
carboxylic  acid,  the  formation  of  which  may  be  represented  thus 
"cH2-CBr-COOH  __  CH2-CBr  , 

CIVCBr-COOH  "  CH2-C-COOHTl 

That  the  constitution  of  this  new  acid  is  represented  as  above,  and  not 

by  the  formula  i          I  ,  is  rendered  very  probable  from  an 

OH2-  C-or  -COOH 
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examination  of  the  properties  of  the  acid.  Its  most  remarkable  pro- 
perty is  its  stability  ;  when,  for  example,  it  is  boiled  for  some  time 
•with  strong  potash  (sp.  gr.  1'3),  or  treated  with  silver  oxide,  it  is  not 
decomposed  to  any  extent,  and,  on  acidifying,  the  unchanged  acid 
separates  in  crystals  ;  this  fact  can  only  be  explained  on  the  assump- 
tion that  the  bromine-atom  is  attached  to  doubly  bound  carbon  :  in 
bromomaleic  acid,  COOH-CHiCBr-COOH,  the  bromine-atom  is  not 
removed  by  boiling  with  baryta  water  (Carius,  Annalen,  149,  264), 
whereas  in  saturated  bromo-acids,  as,  for  example,  in  the  case  of 
bromosuccinic  acid,  COOH'CH2'CHBr'COOH,  the  bromine-atom  is 
readily  eliminated  by  boiling  with  alkalis.  The  tendency  of  dibromo- 
tetramethylenedicarboxylic  acid  to  be  converted  into  bromodihydro- 
tetrenecarboxylic  acid  is  very  remarkable,  this  change  taking  place, 
with  separation  of  iodine,  when  the  aqueous  solution  of  the  dibromo- 
acid  is  warmed  with  potassium  iodide,  a  change  which  it  is  difficult 
to  represent  by  an  equation. 

Bromodihydrotetrenecarboxylic  acid  melts  at  121  —  122°,  and  shows 
all  the  properties  of  an  unsaturated  acid  ;  thus,  it  readily  decolorises 
permanganate  solution,  and  combines  with  bromine  to  form  tribromo- 
tetramethylenecarboxylic  acid. 


2 
CH2-OCOOH  CH2-CBr-COOH  ' 

When  silver  oxide  acts  on  an  aqueous  solution  of  dibromotetra- 
methylenedicarboxylic  acid,  bromodihydrotetrenecarboxylic  acid  is 
formed  in  considerable  quantities,  but  the  principal  product  of  the 
action  is  a  thick,  syrupy  acid,  which,  although  it  could  not  be  ob- 
tained quite  pure,  is  obviously  dihydroxytetramethylenedicarboxylic 
acid, 

CH2-CBr-COOH 

AH..ABT.OOOH  +  Af?'°  +  H*° 

The  reaction  is  in  fact  very  similar  to  the  formation  of  bromofumaric 
acid  and  tartaric  acid  from  isodibromosuccinic  acid  under  the  same 
conditions. 

CHBr-COOH     .       CBr-COOH  CH(OH)-COOH 

CHBr-COOH  glV'?S  CH  •  COOH  a       CH(OH)-COOH' 

The  behaviour  of  methylic  dibromotetramethylenedicarboxylate 
towards  alkalis  is,  on  the  other  hand,  quite  different  from  that  of  the 
free  acid  ;  when  treated  with  alcoholic  potash,  for  example,  a  curious 
action  takes  place  ;  since  bromine,  and  not,  as  was  to  be  expected, 
hydrogen  bromide  is  eliminated,  dihydrotetrenedicarboxylic  acid  being 
formed  thus. 
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CH2-CBr-COOCH3  CH2-C-COOH 

CH2.CBr.COOCH3  +2H3°    =  CH2.4 


I  have  not  been  able  to  find  a  case  exactly  analogous  to  this,  and 
illustrating  the  unstable  nature  of  the  bromine-atoms  in  this  position, 
but  it  may  be  mentioned  that  dimethylsuccinic  acid 

COOH  •  CH(CH3)  •  CH(CH3)  •  COOH, 

which,  in  constitution,  closely  resembles  tetramethylenedicarboxylic 
acid,  when  treated  with  bromine  and  phosphorus,  yields  the  anhy- 

PH  "f1  •  CO 

dride    of    pyrocinchonic    acid  '  H   ,-_>0;  the  intermediate  di- 

CJiL3  *  C '  GO 

bromodimethylsuccinic  acid  which  is  probably  formed,  in  the  first 
instance,  losing  the  two  bromine  atoms  (Zelinsky,  Krapiwin  Berichte, 
22,  653). 

Dihydrotetrenedicarboxylic  acid  is  sparingly  soluble  in  cold  water, 
melts  at  178°,  and  when  heated  at  200°  loses  1  mol.  H20,  and  is 

CH  •  C1  *CO 
converted   into   an   anhydride    I     a  H         >0,  a  resinous  substance 

which  could  not  be  obtained  in  a  crystalline  form,  and  which 
dissolves  in  water  with  formation  of  a  crystalline  acid  of  the  same 
empirical  formula  as  dihydrotetrenedicarboxylic  acid,  from  which, 
however,  it  differs  in  a  very  marked  manner,  notably  in  being  ex- 
cessively soluble  in  water.  Whether  these  two  acids  are  stereoiso- 
meric  or  whether  a  change  in  the  position  of  the  double  bond  has 
taken  place  during  the  above  treatment,  has  not  yet  been  satisfac- 
torily determined,  owing  to  the  small  amount  of  material  available 
for  investigation. 

The  constitution  of  dihydrotetrenedicarboxylic  acid  is  proved  in 
the  following  way. 

The  methylic  salt  of  this  acid  is  formed  quantitatively  when 
methylic  dibromotetramethylenedicarboxylate  is  digested  in  alcoholic 
solution  with  potassium  iodide,  iodine  being  liberated. 

CH2-CBr-COOCH3    ,    rt^T       CH2-C-COOCH3 


CH2-CBr-COOCH3    '  OH8-C-COOCH8    ' 

It  is  a  beautifully  crystalline  substance  which  melts  at  46°,  and 
when  exposed  to  bromine  vapour  is  reconverted  into  methylic 
dibromotetramethylenedicarboxylate;  it  must  therefore  have  the 
constitution  represented  above;  dihydrotetrenedicarboxylic  acid 
itself,  on  the  other  hand,  may  be  exposed  to  bromine  vapour  for  some 
days  without  change. 

Amide  of  TetrametJiylenecarloxylic  acid,    \      z    I      2 

C.ti2'  Gli* GO  •  N  FTo 

This  has  already  been  prepared  by  Freund  and  Gudernan   (Ber., 
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21,  2694),  bnfc  not  in  a  pure  condition,  as  these  chemists  give  the 
melting  point  138°,  whereas  the  pure  amide  melts  at  153°. 

In  preparing  large  quantities  of  this  amide,  the  following  method 
was  generally  employed. 

Pure  tetramethylenecarboxylic  chloride  (10  grams)  prepared  as 
described  in  a  previous  paper  (Trans.,  1891,  59,  41)  is  added  slowly 
through  a  dropping  funnel  to 'the  strongest  aqueous  ammonia  (100 
c.c.),  the  whole  being  well  cooled  during  the  operation. 

As  each  drop  of  the  chloride  comes  in  contact  with  the  ammonia 
solution,  a  very  vigorous  action  takes  place,  accompanied  by  volumes 
of  white  fumes,  and,  after  about  half  has  been  added,  the  amide 
commences  to  separate  in  glistening  plates  which  ultimately  quite 
fill  the  liquid.  The  crystals  are  collected  by  means  of  the  pump, 
washed  once  or  twice  with  strong  ammonia  solution,  dried  on  a 
porous  plate  in  the  air,  and,  if  necessary,  recrystallised  from  ether, 
in  which  the  substance  is  sparingly  soluble. 

The  amide  is  thus  obtained  in  the  form  of  magnificent,  silky  plates, 
which,  on  analysis,  gave  the  following  results.* 

Theory.  C4H7-CO-NH2.  Found. 

C 60-60  per  cent.  6075  per  cent. 

H 9-09         „  9-30 

N 14-15         „  14-30 

The  amide  of  tetramethylenecarboxylic  acid  melts  at  152 — 153°, 
and  is  very  readily  soluble  in  water  and  alcohol,  but  only  sparingly 
•in  ether ;  when  heated,  it  sublimes  in  iridescent  plates,  which  are 
very  like  sublimed  benzoic  acid  in  appearance ;  it  is  volatile  even  at 
100°,  and  cannot  be  dried  in  a  water  oven  without  loss. 

*  Considerable  difficulty  was  experienced  in  determining  the  nitrogen  in  this  sub- 
stance, as,  when  burnt  in  a  stream  of  carbon  dioxide  in  the  manner  usually  adopted, 
the  result  was  always  much  too  high,  in  two  cases  the  analysis  indicating  20  per 
cent,  of  nitrogen. 

Obviously,  during  the  combustion  of  this  amide,  very  stable  gases  (ethylene?)  are 
evolved,  which  pass  away  with  the  nitrogen  into  the  eudiometer,  and,  in  order  to 
obviate  this,  an  experiment  was  made,  in  which  the  tube  was  kept  at  a  bright  red 
heat  and  the  combustion  conducted  slowly,  but  even  then  the  result  was  2  per  cent, 
too  high;  the  above  nitrogen  determination,  which  gave  correct  numbers,  was 
carried  out  as  follows. 

The  substance  was  digested  with  pure  concentrated  hydrochloric  acid  fcv  five 
minutes,  the  solution  then  mixed  with  water  and  boiled  until  the  odour  of 
tetramethylenecarboxylic  acid  was  imperceptible;  the  amount  of  ammonium 
chloride  in  the  solution  was  then  determined  as  ammonium  platinochloride  in  the 
visual  manner. 

In  several  other  cases  it  has  been  noticed  that  closed  chain  compounds  are 
exceedingly  difficult  to  analyse,  and  accurate  results  have  only  been  obtained  when 
the  tube  was  kept  very  hot,  and  the  combustion  conducted  throughout  in  a  stream 
of  oxygen. 
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It  is  very  stable,  as  is  illustrated  by  the  fact  that  it  was  not 
entirely  decomposed  even  after  boiling  for  half  an  hour  with  strong 
potash,  some  of  the  unchanged  amide  separating  in  crystals  on 
cooling ;  it  is,  however,  very  readily  hydrolysed  by  boiling  concen- 
trated hydrochloric  acid. 

In  preparing  this  amide  in  the  manner  described  above,  a  consider- 
able quantity  remains  in  the  ammoniacal  mother  liquors,  but  most  of 
this  may  be  recovered  by  repeated  extraction  with  ether ;  any  loss  of 
valuable  product  is  avoided  by  passing  air  through  the  aqueous  solu- 
tion until  the  bulk  of  the  ammonia  has  been  expelled,  and  then 
hydrolysing  the  dissolved  amide  by  boiling  with  hydrochloric  acid. 
The  regenerated  tetramethylenecarboxylic  acid  can  be  extracted  with 
ether  in  the  usual  manner,  and  used  for  a  subsequent  operation. 

CH2-CH2 

Tetramethyleneamine,  I          I  - 

L/ Jig '  UH  *  IN  xlg 

This  interesting  substance  is  formed  when  the  pure  amide  of 
tetramethylenecarboxylic  acid  is  treated  with  bromine  and  potash, 
according  to  the  well-known  method  devised  by  Hofmann  (JBer.,  15, 
762)  ;  the  details  of  the  preparation  are  as  follows. 

Bromine  (16'2  grams)  is  weighed  out  into  a  flask  of  about  500  c.c. 
capacity,  and  then  the  pure,  finely-powdered  amide  (10  grams)  is 
added  in  two  or  three  portions  with  constant  shaking,  the  whole 
gradually  dissolving  with  evolution  of  very  little  heat.* 

At  the  end  of  two  hours,  potash  (10  per  cent.)  is  slowly  added, 
the  whole  being  well  cooled  during  the  operation;  after  a  time,  a 
reddish-brown,  crystalline  precipitate  separates.  On  adding  more 
alkali,  very  little  rise  of  temperature  takes  place,  but  the  preci- 
pitate becomes  colourless,  and  doubtless  consists  of  the  bromamide 
of  tetramethylenecarboxylic  acid,  C4H7*CONHBr.  On  continuing 
to  add  strong  potash  (about  30 — 35  per  cent.)  in  small  quantities  at 
a  time  with  constant  shaking,  the  bromamide  gradually  passes  into 
solution ;  as  now  much  heat  is  developed,  the  flask  must  be  cooled  from 
time  to  time  by  plunging  it  into  water ;  when  all  the  crystals  have 
disappeared,  the  whole  is  distilled  in  a  current  of  steam  until  the  con- 
densed water  is  no  longer  alkaline,  and  the  distillate  is  then  rendered 
slightly  acid  by  the  addition  of  hydrochloric  acid,  and  evaporated  to 
dry  ness. 

The  residue,  which  consists  of  a  mixture  of  tetramethyleneamine 
hydrochloride  and  ammonium  chloride,  is  extracted  with  absolute 
alcohol,  the  extract  filtered  from  undissolved  ammonium  chloride,  eva- 

**  Freund  and  Gucleman  (loc.  cit.),  using  the  impure  amide,  noticed  the  develop 
luent  of  a  considerable  amount  of  heat. 
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porated  to  dryness,  and  the  extraction  with  alcohol  repeated.  The  crude 
hydrochloride  obtained  on  evaporating  the  second  extract  is  sufficiently 
pure  for  use  in  the  preparation  of  hydroxytetramethylene,  &c. 

In  order  to  isolate  the  base  itself,  the  hydrochloride  is  transferred 
to  a  small  retort,  mixed  with  powdered  potash,  and  distilled,  the 
aqueous  distillate  is  dehydrated  with  potash,  and  the  oily  base 
separated  and  fractioned  ;  almost  the  whole  of  it  distils  between  81° 
and  83°,  and,  on  refractionation,  boils  constantly  at  82°. 

On  analysis  the  following  numbers  were  obtained. 

Found. 

Theory.  (  --  »  ---  , 

C4H9N.  I.  II. 

C  ..........      67-60  per  cent.  67'25         67'13  per  cent. 

H  ..........      12-67        „  12-60         12-58 

N  ..........      19-72         „  19-58 

Tetramethyleneamine  boils  at  82°,  and  possesses  a  very  pungent 
basic  odour  somewhat  similar  to  that  of  isoamylamine  ;  it  absorbs 
carbon  dioxide  from  the  air,  fumes  strongly  in  contact  with  hydrogen 
chloride,  and  mixes  with  water  with  development  of  heat.  The 
hydrochloride,  C4H9N,HC1,  was  prepared  by  neutralising  an  aqueous 
solution  of  the  base  with  hydrochloric  acid,  and  evaporating  to  dry- 
ness.  It  crystallises  from  alcohol,  in  which  it  is  readily  soluble, 
in  long,  striated,  prismatic  needles,  closely  resembling  crystals  of 
ammonium  chloride  in  appearance,  and  very  readily  soluble  in 
water.  The  results  of  analysis  gave 

Theory.  C4H9]$r,HCl.  Found. 

01  ........      33-02  per  cent.  33'24  per  cent. 

On  adding  platinic  chloride  to  a  strong  solution  of  the  hydro- 
chloride,  the  platinochloride,  (C4H9N)2,H2PtC]6,  is  obtained  as  a  deep 
yellow,  crystalline  precipitate,  which  dissolves  readily  in  hot  water, 
and  separates  on  cooling  in  groups  of  deep  orange  octahedra.  For 
analysis,  the  salt  was  dried  at  100°. 

Found. 

Theory.  f  ----  *  ---  ^ 

(C4H9N)2H2PtClG.  I.  II. 

Pt  ..........  '    34-87  per  cent.  34'  79         34'82  per  cent. 

This  salt  is  rather  sparingly  soluble  in  cold  water  ;  when  heated  in 
a  capillary  tube,  it  begins  to  darken  at  200°,  and  becomes  quite  black 
at  210—215°. 


Hydroxytetramethylene, 


OTT  •  O 


The    hydrochloride    of   tetramethyleneamine    reacts    readily   with 
silver  nitrite,  evolving  nitrogen  and  forming  hydroxytetramethylene, 
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fortunately  the  reaction  takes  place  with  the  formation  of  traces  only 
of  bye-products,  and  the  yield  of  the  hydroxy-compound  obtained 
is,  therefore,  very  good.  The  experiment  was  conducted  as  fol- 
lows : — Crude  tetramethyleneamine  hydrochloride  (20  grams),  which 
had  been  freed  from  ammonium  chloride  by  treatment  with  alcohol, 
as  explained  on  p.  959,  was  dissolved  in  water  (80  c.c.),  and  to  the 
well-cooled  solution  a  slight  excess  of  freshly  precipitated  silver 
nitrite  (prepared  from  40  grams  of  silver  nitrate),  added  in  small 
quantities  at  a  time.  Effervescence  soon  began,  and  after  remaining 
for  one  hour  at  the  ordinary  temperature  the  whole  was  heated  on 
a  water  bath  for  a  few  minutes,  until  the  vigorous  evolution  of  gas 
had  almost  ceased.  The  product  was  then  well  cooled,  mixed  with 
anhydrous  potassium  carbonate,  and  extracted  five  times  with  pure 
ether;  the  ethereal  solution  was  dried  over  anhydrous  potassium 
carbonate,  filtered,  and  the  ether  very  slowly  distilled  off ;  a  rectifying 
column  being  used  so  as  to  obviate,  as  far  as  possible,  loss  of  the 
hydroxy-derivative  by  evaporation.  The  residual,  almost  colourless, 
oil  (12  grams),  after  twice  fractioning,  boiled  constantly  at  123°,  and 
gave  the  following  results  on  analysis. 

Found. 

Theory.  , • N 

C4H7-OH.  I.  II. 

C 66-66  per  cent.  66'52         66'41  per  cent. 

H 11-11         „  11-10        11-23 

Hydroxytetramethylene  is  a  colourless  oil,  which  smells  like 
butylic  alcohol ;  it  is  readily  soluble  in  water,  and  dissolves  sodium 
with  evolution  of  hydrogen  and  formation  of  a  white  sodium  com- 
pound. 

Action  of  Hydrobromic   acid  on  Hydroxytetramethylene.    Formation  of 

/-ITT  ,nij 
Bromotetrametkylene,    I     *  A™  '  and  °f  1  :  3-Dibromobutane, 

CH3-CHBr-CH2-CH2Br. 

Having  thus  obtained  hydroxytetramethylene,  the  next  point  was 
to  investigate  its  behaviour  with  the  halogen  acids,  in  order,  if 
possible,  to  prepare  halogen  derivatives  of  the  hydrocarbon ;  the 
first  experiments  instituted  were  with  hydro bromic  acid. 

Hydroxytetramethylene  dissolves  in  fuming  hydrobromic  acid  (satu- 
rated at  about  10°),  with  slight  development  of  heat ;  as,  however,  little 
action  appeared  to  take  place  in  the  cold,  a  large  excess  of  the  acid  was 
added,  and  the  whole  heated  to  boiling  in  a  flask,  into  the  neck  of 
which  a  reflux  condenser  had  been  ground.  During  the  operation,  a  . 
heavy  oil  separated  on  the  surface  of  the  liquid  ;  but  as  the  action 
continued  and  the  hydrobromic  acid  became  weak,  the  oil  sank;  after 


DERIVATIVES  OF  TETRAMETHYLENE.  962 

heating  for  an  hour,  the  product  was  poured  into  water,  the  heavy, 
brownish  oil  extracted  with  ether,  the  ethereal  solution  well  washed 
with  water,  dried  over  calcium  chloride,  and  the  ether  evaporated. 
The  residual  oil  was  then  repeatedly  fractioned,  and  thus  readily 
separated  into  two  fractions,  boiling  at  102 — 104°  and  173 — 174° 
(737  mm.)  respectively;  of  these,  the  latter  was  present  in  by  far  the 
larger  quantity.  The  substance  boiling  at  102 — 104°  is  evidently 
bromotetramethylene,  as  is  shown  by  the  following  analyses. 

Found. 

Theory.  f * ^ 

C4H7Br.  I.  II. 

C 35-55  per  cent.         35'02  —    per  cent. 

H 5-19         „  5-06 

Br 59-26        „  58'77        58'85 

Bromotetramethylene  is  a  colourless  oil,  which  boils  at  about  104° 
(760  mm.) ;  it  is  specifically  heavier  than  water,  and  has  an  odour 
which  can  scarcely  be  distinguished  from  that  of  isobutylic  or  iso- 
amylic  bromide. 

The  substance  boiling  at  173 — 174°  (737  mm.)  is  a  very  heavy  oil, 
possessing  in  a  marked  degree  the  odour  of  trimethylene  bromide ; 
it  gave,  on  analysis,  the  following  numbers. 

Found. 

Theory.  , , 

C4H8Br2.  I.  II. 

C 22-22  per  cent.  22-00  —    per  cent. 

H 3-71        „  3-70  —      „ 

Br 74-07        „  74-32        74-21    „ 

These  analyses  show  that  this  substance  must  be  a  dibromobutane, 
and  its  formation  proves  that,  under  the  conditions  of  the  experiment, 
the  tetramethylene  ring  in  bromotetramethylene  has  been  split, 
addition  of  hydrogen  bromide  simultaneously  taking  place.  As  ex- 
plained in  the  introduction,  this  dibromobutane  is  different  from  any 
of  the  known  isomerides  ;  and  experiment  proved  that  it  is  identical 
with  the  1 :  3-dibromobutane,  which  is  obtained  when  1 :  3-dihydroxy- 
butane,  CH3-CH(OH)-CH2-CH2-OH,  is  treated  with  hydrobromic 
acid  (see  next  section). 

Preparation  of  I  :  3-DibromoUitane,  CH3-CHBr'CH2-CH2Br. 

This  new  substance  was  prepared  in  order  to  ascertain  whether  it 
was  identical  with  the  dibromobutane  obtained  by  the  action  of 
hydrobromic  acid  on  hydroxytetramethyleue,  as  described  in  the  last 
section,  and  the  method  employed  was  briefly  as  follows.* 

*  Compare  Orndorff  and  Newbury,  Monatshefte  fur  Chemie,  13,  516. 
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Aldehyde  (200  grams)  was  mixed  with  an  equal  volume  of  water, 
and  then  a  strong  solution  of  potassium  carbonate  (12  grams)  added 
drop  by  drop,  the  whole  being  kept  at  0°  during  the  addition,  which 
extended  over  about  two  hours ;  after  standing  for  two  days  at  the 
ordinary  temperature,  the  mixture  was  neutralised  with  hydrochloric 
acid,  extracted  three  times  with  ether,  and  the  ethereal  solution 
evaporated. 

In  order  to  convert  the  residue,  which  consisted  of  crude  aldol  (98 
grams),  into  the  corresponding  1  :  3-dihydroxybutane,  it  was  dissolved 
in  water  (1  litre),  and  reduced  in  flat,  porcelain  basins  with  nearly 
twice  the  calculated  quantity  of  2J  per  cent,  sodium  amalgam,  the 
solution  being  kept  neutral  by  the  constant  addition  of  small  quanti- 
ties of  dilute  hydrochloric  acid,  a  rapid  stream  of  carbon  dioxide 
being  also  passed  through  the  liquid,  to  prevent  the  accidental  accu- 
mulation of  any  large  quantity  of  alkali  arising  from  rapid  decom- 
position of  the  amalgam. 

During  the  reduction,  a  sticky  substance  separated,  and  the  solu- 
tion also  acquired  a  very  penetrating  and  irritating  odour,  due  pos- 
sibly to  the  formation  of  crotonaldehyde ;  in  order  to  remove  these 
bye-products,  the  solution  was  filtered,  and  extracted  with  a  small 
quantity  of  ether.  The  filtrate  was  then  slowly  concentrated  to  about 
250  c.c.  in  a  flask  connected  with  a  long,  rectifying  column,  and  the 
residue  saturated  with  hydrogen  bromide,  without  cooling,  loss  being 
prevented  by  using  a  reflux  apparatus. 

After  24  hours,  the  product  was  diluted  with  twice  its  volume  of 
water,  extracted  five  times  with  ether,  the  ethereal  solution  washed 
with  dilute  sodium  carbonate,  dried  over  calcium  chloride,  and  the 
ether  distil] ed  off;  the  residual  dark  brown  oil  was  then  twice  frac- 
tionated, and  yielded  40  grams  of  1  :  3-dibromobutane  boiling  at 
172 — 175°,  of  which  the  greater  portion  passed  over  between  173°  and 
174°.  Analysis — 

Found. 

Theory.  , • 

C4H8Br2.  I.  II. 

Br 74-07  per  cent.  73'52         73'67  per  cent. 

The  1  :  3-dibromobutane  obtained  in  this  way  boiled  at  the  same 
temperature,  and  showed  all  the  properties  of  the  substance  obtained 
by  treating  hydroxytetramethylene  with  hydrobromic  acid,  so  that 
there  can  be  no  doubt  the  two  products  are  identical. 

I  have  to  thank  Messrs.  G.  H.  Cross  and  J.  N.  Goldsmith,  students 
in  the  Owens  College,  for  help  in  carrying  out  these  experiments. 
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Chlorotetramethylene,   I        J^rrm- 
uHg'  0-tLOl 

This  substance  was  prepared  by  the  action  of  phosphorous  penta- 
chloride at  moderate  temperatures  on  hydroxytetramethylene,  and  not 
by  heating  this  hydroxy- derivative  with  hydrochloric  acid,  as  it 
appeared  possible  that,  in  the  latter  case,  the  chlorotetramethylene 
formed  might  be  further  acted  on  by  the  halogen  acid  with  formation 
of  dichlorobutane  (see  previous  section). 

Pure  hydroxytetramethylene  (11  grams)  was  placed  in  a  flask 
fitted  with  a  reflux  condenser,  and  pure  phosphorous  pentachloride 
(35  grams)  gradually  introduced  in  small  portions  at  a  time ;  each 
successive  quantity  being  allowed  to  entirely  disappear  before  any 
more  was  added;  the  action,  which  is  very  vigorous  and  accom- 
panied by  the  evolution  of  torrents  of  hydrogen  chloride,  was  mod- 
erated by  cooling  the  flask  with  ice-cold  water  ;  at  the  close,  however, 
the  temperature  was  allowed  to  rise  to  60°. 

The  product  was  slowly  fractioned,  everything  which  passed  over 
below  105°  being  collected,*  the  distillate  was  agitated  with  water  to 
decompose  the  phosphorous  oxychloride  which  it  contained,  and  the 
supernatant  oily  layer  separated,  dried  over  calcium  chloride  and 
fractionated;  almost  the  whole  of  it  (11'5  grams)  passed  over 
between  83°  and  87°. 

After  refractionation,  a  colourless  oil  boiling  constantly  at  85°  and 
specifically  lighter  than  water,  was  obtained.  On  analysis  it  gave  the 
following  results. 

Theory.  C4H7C1.  Found. 

C 53-10  per  cent.  53'07  per  cent. 

H 7-74         „  7-53 

Cl 39-16         „  38-73 

Chlorotetramethylene  possesses  a  not  disagreeable  odour,  very 
similar  to  that  of  isoamylic  chloride. 

O  TT   •  OTT 

lodotetramethylene,    I          I 

C/idg  *  U-fcll 

In  order  to  prepare  this  substance,  chlorotetramethylene  (8  grams) 
was  heated  with  finely  powdered  potassium  iodide  (18  grams)  and 
methylic  alcohol  (20  c.c.)  in  a  sealed  tube  at  120 — 125°  for  five  hours  ; 
the  product,  which  was  discoloured  by  iodine,  was  mixed  with  water, 
and  the  heavy  oil  which  separated  extracted  with  ether ;  the  ethereal 
solution,  washed  with  dilute  sodium  hydrogen  sulphite,  was  dried 
over  calcium  chloride,  evaporated,  and  the  residue  carefully  fractioned. 

*  On  decomposing  the  residue  with  water,  a  very  small  quantity  of  oil  separates ; 
this  was  neglected. 
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It  was  then  found  that  the  oil  contained  about  50  per  cent,  of  un- 
changed chlorotetramethylene  ;  after  this  had  passed  over,  the  ther- 
mometer rose  rapidly  to  130°,  between  which  temperature  and  140° 
the  remainder  distilled  as  a  colourless  oil  ;  on  refractionation,  it 
boiled  almost  constantly  at  138°,  and  gave  the  following  results  on 

analysis. 

Theory.  C4H7L  Found. 

C    ........      26'37  per  cent.  26'85  per  cent. 

H  ........        3-85         „  4-05 

I  .........     69-78        „  69-22 

lodotetramethylene  is  a  colourless,  heavy  oil,  which  in  its  proper- 
ties shows  the  greatest  resemblance  to  isobutylic  or  isoamylic  iodide  ; 
its  odour  can  scarcely  be  distinguished  from  that  of  the  latter, 
and,  when  exposed  to  light,  it  quickly  turns  brown  owing  to  separa- 
tion of  iodine.  It  is  readily  reduced  by  zinc  dust  and  hydrochloric 
acid  with  formation  of  a  very  volatile  hydrocarbon,  which  is  prob- 
ably tetramethylene  ;  unfortunately  the  amount  of  material  at  my 
disposal  was  too  small  to  allow  of  the  systematic  examination  of  this 
reaction. 

Action  of  Quinoline  on  lodotetramethylene.  —  This  action  (compare 
Baeyer,  Annalen,  278,  107)  was  investigated  with  the  view  of  ob- 

O  TT  •  f^TT 

taining  the  unsaturated  hydrocarbon  dihydrotetrene,     I     2  1  1     ,     as 

CELj'CH 

explained  in  the  introduction,  but  the  results  were  not  very 
satisfactory. 

lodotetramethylene  (8  grams)  was  mixed  with  pure  quinoline 
(15  grams)  and  the  whole  heated  in  a  sealed  tube  at  180°  for  two 
hours;  the  product  was  then  distilled  from  the  tube,  every  precaution 
being  taken  to  avoid  loss  of  the  volatile  hydrocarbon  by  cooling  the 
condenser  and  the  receiver  with  a  freezing  mixture. 

In  this  way,  a  small  quantity  of  a  colourless  oil  was  obtained  which 
boiled  between  30°  and  45°,  and  contained  halogen  ;  after  heating  in 
a  small  sealed  tube  with  sodium  and  refractioning,  the  greater  portion 
distilled  between  33°  and  35°,  but  it  was  not  quite  free  from  halogen. 
This  substance  is  instantly  oxidised  by  potassium  permanganate  and 
decolorises  bromine  ;  on  analysis  it  gave  numbers  agreeing  only  ap- 
proximately with  the  formula  C4H6,  owing  not  only  to  the  presence 
of  traces  of  halogen,  but  especially  to  the  great  difficulties  attending 
the  analysis  of  a  hydrocarbon  of  this  low  boiling  point. 


/"ITT   .  p'TJ-p. 

Dilromotetramethylenedicarboxylic  acid,    I     2    I 

CH2-CBr-COOH' 

This  acid   is   produced  when   the   anhydride   of   tetramethylene- 
dicarboxylic  acid    (this   vol.,    581)   is  treated  with   a   large   excess 
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of   bromine   and    amorphous   phosphorus,   according    to    the    Hell- 
Volhard-Zelinsky  method. 

Tetramethylenedicarboxylic  anhydride  (10  grams)  is  ground  up  in 
a  mortar  with  amorphous  phosphorus  (3  grams),  transferred  to  a 
flask,  into  the  neck  of  which  a  condensing  tube  has  been  ground, 
and  dry  bromine  (70  grams)  then  gradually  added,  the  very  vigorous 
action  which  takes  place  being  moderated  from  time  to  time  by  cool- 
ing with  water.  On  heating  the  mixture  on  a  water  bath,  torrents 
of  hydrogen  bromide  are  evolved  during  the  first  hour ;  the  action 
then  slackens  considerably,  and  at  the  end  of  six  hours,  a  second 
quantity  of  phosphorus  (3  grams)  and  bromine  (70  grams)  is  added, 
and  the  heating  continued  for  about  15  hours ;  air  is  then  blown 
through  the  mass  in  order  to  remove  excess  of  bromine,  and  the  dark- 
coloured  liquid  residue,  which  on  cooling  frequently  deposits  crystals 
of  phosphorus  pentabromide,  is  decomposed  cautiously  by  means  of  ice- 
cold  water.  After  standing  some  time,  the  thick,  dark  brown  product 
is  extracted  with  ether,  the  ethereal  solution,  well  washed  with  water 
containing  a  little  sodium  hydrogen  sulphite,  dried  over  calcium 
chloride,  the  ether  distilled  off,  and  the  residual  oil  fractionated  under 
reduced  pressure  (70  mm.). 

The  mass  froths  a  good  deal  at  first,  and  a  considerable  quantity 
of  water  distils  over  ;  the  thermometer  then  rises  rapidly,  the  greater 
portion  distilling  between  185  and  190°  as  an  almost  colourless  oil, 
which  solidifies  in  the  receiver  ;  a  good  deal  of  a  dark  brown  residue 
is,  however,  left  behind  in  the  distilling  flask. 

The  distillate  is  ground  up  and  digested  with  sufficient  hydrobromic 
acid  (sp.  gr.  1'49)  to  dissolve  it,  the  solution  filtered  through  glass 
wool  and  allowed  to  cool  slowly;  the  mass  of  glistening  crystals 
which  separates  is  collected,  washed  with  hydrobromic  acid,  drained 
on  a  porous  plate,  and  recrystallised  from  the  same  solvent.  The 
purified  substance,  after  drying  first  over  sticks  of  potash  in  a 
vacuum,  and.  then  at  100°,  gave  the  following  results  on  analysis. 

Found. 

Theory. 


f ^  J.UCUJ.J. 

I.  II.                                       C6H6Br204. 

C 24-10  24-05  per  cent.  23'84  per  cent. 

H 2-10  2-20        „  1-99 

Br 52-71  „  52-98 

When  rapidly  heated  in  a  capillary  tube,  dibromotetramethylene- 
dicarboxylic  acid  melts  at  about  202 — 205°  with  evolution  of  gas, 
probably  due  to  the  formation  of  its  anhydride  ;  it  dissolves  readily 
in  alcohol  or  ether,  and  also  in  boiling  hydrobromic  acid,  but  is  only 
sparingly  soluble  in  the  latter  solvent  in  the  cold.  It  is  remarkable 

c 
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that  it  is  readily  soluble  in  water ;  a  strong,  hot  aqueous  solution,  on 
cooling,  deposits  the  substance  in  beautiful  glistening  plates. 

A  moderately  concentrated  aqueous  solution  of  this  acid  gives, 
with  silver  nitrate,  a  copious  crystalline  precipitate  of  a  silver  salt, 
which  contains  no  silver  bromide,  as  it  is  completely  dissolved  by 
dilute  nitric  acid.  On  boiling,  however,  decomposition  sets  in  with 
separation  of  silver  bromide  in  abundance. 

CH2-CBr-COOCH3. 
Methylic  dibromotetrametJiylenedicar'boxylate,   '       ,r«T*  .flOOCH 

Considerable  quantities  of  this  methylic  salt  were  necessary  for 
many  of  the  experiments  described  in  this  paper,  and  in  the  first 
instance  it  was  prepared  from  the  pure  dibromo-acid  by  treating  it 
with  methylic  alcohol  and  hydrogen  chloride  in  the  usual  way ;  ulti- 
mately, however,  it  was  found  that  the  best  method  of  preparation 
was  the  following. 

The  crude  product  of  the  action  of  bromine  and  phosphorus  on 
tetramethylenedicarboxylic  anhydride  (from  which  the  excess  of 
bromine  had  been  removed  by  blowing  in  air,  as  described  on  p.  966), 
was  poured  in  a  thin  stream,  and  without  cooling,  into  a  large  excess 
of  methylic  alcohol ;  after  the  vigorous  action  had  subsided,  and  the 
product  cooled  down,  water  was  added,  and  the  methylic  salt  extracted 
twice  with  ether.  The  ethereal  solution  was  well  washed  with  dilute 
sodium  carbonate,  dried  over  calcium  chloride,  the  ether  evaporated, 
and  the  residual  dark  brown  oil  fractionally  distilled  under  reduced 
pressure  (50  mm.). 

With  the  exception  of  a  small  quantity  of  a  substance  of  low 
boiling  point,  nearly  the  whole  of  the  oil  distilled  between  180°  and 
205°,  undergoing  slight  decomposition  and  evolving  some  hydrogen 
bromide;  on  redistilling,  two  principal  fractions  were  obtained 
boiling  at  185—195°  and  195—200°  (50  mm.)  respectively.  Both 
of  these,  after  14  days,  deposited  hard,  prismatic  crystals,  which 
were  separated  from  the  oil  by  nitration  through  glass  wool,  left  in 
contact  with  porous  porcelain  until  quite  dry  and  colourless,  ground 
up,  and  then  recrystallised  twice  from  boiling  light  petroleum 
(b.  p.  60 — 70°)  ;  in  this  way  the  methylic  salt  was  obtained  in  magni- 
ficent, colourless  prisms,  which  on  analysis  gave  the  following 
result. 

Theory. 
Found.  C4H4Br2(COOCH3)2. 

C 29-21  per  cent.  29'09  per  cent. 

E 3-30        „  3-03 

Br 48-48        „  48'48 

Methylic   dibromotetramethylenedicarboxylate   melts  at   88—89°, 
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and  is  readily  soluble  in  alcohol,  chloroform,  benzene,  and  hot,  light 
petroleum,  but  only  sparingly  so  in  the  latter  solvent  in  the  cold. 
It  separates  from  dilute  methylic  alcohol  in  colourless  groups  of 
glistening,  feathery  crystals. 

The  oily  mother  liquor  which  was  separated  from  the  crystals,  as 
explained  above,  was  refractioned,  and  in  this  way  a  further,  though 
small,  quantity  of  crystalline  methylic  salt  was  obtained.  After  sepa- 
rating this,  and  again  refractioning  the  mother  liquor,  no  further 
crystallisation  took  place,  even  after  the  oil  had  been  left  for  months 
in  contact  with  a  crystal  of  the  methylic  salt ;  analyses  of  two  samples 
of  this  oil  boiling  at  190—195°  and  195—200°  (50  mm.)  respectively, 
gave  the  following  results. 
Found. 


Theory. 


( ^  JL  i.J  GVAl  J  . 

I.  II.  C4H4Br.2(COOCH3)2. 

Br 46-30         47-10  per  cent.  48'48  per  cent. 

It  is  possible  that  this  product  contains  some  impurity  which 
retards  crystallisation.  As  the  analysis,  however,  seems  to  show  that 
it  can  contain,  at  the  most,  only  traces  of  such  impurity,  and  as  this 
would  hardly  prevent  the  separation  of  a  substance  characterised, 
like  the  methylic  salt,  by  great  facility  for  crystallising,  it  is  possible 
that  the  liquid  methylic  salt  is  a  stereoisomeride  of  the  crystalline 
salt. 

That  there  is  a  considerable  difference  between  the  solid  and  liquid 
methylic  salt  is  shown  clearly  in  their  behaviour  with  potash  (see 
p.  973). 

Anhydride  of  Dibromotetramethylenedicarboxylic  acid, 
CH2-CBr-CO. 
CH2-CBr-C 

It  has  been  shown  in  a  previous  communication  (this  vol.,  572) 
that  tetramethylenedicarboxylic  acid  [1:2]  exists  in  two  well-defined 
cis-  and  ^raws-modifications,  and  it  might  be  supposed  that  its  dibromo- 
derivative  would  show  the  same  behaviour.  In  order  to  investigate 
this  point,  it  was  necessary,  in  the  first  place,  to  prepare  the  anhy- 
dride of  this  acid,  which  was  ultimately  accomplished  in  the  following 
way.  Nearly  pure  dibromotetramethylenedicarboxylic  acid  (m.  p. 
185 — 190°)  was  distilled  under  a  pressure  of  40  mm.,  when  almost 
the  whole  of  it  passed  over  at  180 — 185°,  and  solidified  on  cooling  to 
a  hard  crystalline  cake ;  this  was  dissolved  in  freshly  distilled  acetic 
anhydride,  the  solution  boiled  for  five  minutes  in  a  reflux  apparatus, 
and  then  placed  over  potash  in  a  vacuum  dessicator.  As  the  excess 
of  acetic  anhydride  evaporated,  beautiful,  colourless,  prismatic 
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crystals  separated  ;  these  were  collected,  washed  with  acetic  anhydride, 
and  dried  over  potash  and  sulphuric  acid  in  a  vacuum ;  they  gave 

the  following  result  on  analysis. 

Theory." 
Found.  C6H4Br2O3. 

C 25-21  per  cent.  25'31  per  cent. 

H 1-72        „  1-41        „ 

Br 56-43         „  56'33 

Dibromotetramethylenedicarboxylic  anhydride  melts  at  103 — 104°, 
and  is  readily  soluble  in  alcohol,  ether,  benzene,  and  boiling  light 
petroleum  (b.  p.  100°),  but  only  sparingly  in  the  latter  in  the 
cold.  In  contact  with  moisture,  it  is  readily  converted  into  the  acid 
from  which  it  was  derived ;  some  of  the  powdered  substance  which 
was  left  exposed  to  the  air  for  a.  few  days  had  almost  entirely 
changed,  and  then  melted  at  about  180°.  The  anhydride  dissolves 
readily  in  warm  water,  and  the  solution  on  cooling  deposits  pure 
dibromotetramethylenedicarboxylic  acid  in  glistening  crystals  (m.  p. 
204 — 205°).  This  acid  is  therefore  the  cis-  modification. 

In  order  to  determine  whether  the  corresponding  £rans-modification 
existed,  some  of  the  pure  anhydride  was  dissolved  in  warm  hydro- 
bromic  acid  solution  (sp.  gr.  1'49)  and  heated  in  a  sealed  tube  at 
190 — 200°  for  two  hours.  On  cooling,  the  tube  was  found  to  be 
filled  with  glistening  crystals,  very  little  discoloration  and  no 
charring  having  taken  place  ;  these  crystals  were  collected  and  re- 
crystallised  from  hydrobromic  acid ;  they  melted  then  at  about  200°, 
and  were  exactly  similar  in  appearance  to  the  original  cis-acid. 

It  appears,  therefore,  that  the  trans- modification  of  dibromotetra- 
methylenedicarboxylic  acid  does  not  exist :  unless  indeed  it  is  so 
similar  in  properties  to  the  cis  form  that  it  could  only  be  identified  on 
very  prolonged  investigation. 

Action  of  Alkalis  on  Dibromotetramethylenedicarloxylic  acid. 

P£ 

Bromodihydrotetrenecarboxylic  acid    I 

C 

As  explained  in  the  introduction,  these  experiments  were  instituted 
with  the  object  of  obtaining  tetrenedicarboxylic  acid  9H*9'COOH. 

'  CH:C-COOH' 

but,  although  the  conditions  were  varied  as  far  as  possible,  this  acid 
could  never  be  isolated ;  the  reaction  proceeded  in  all  cases  in  the 
same  way,  carbon  dioxide  and  hydrogen  bromide  being  eliminated,  and 
bromodihydrotetrenecarboxylic  acid  formed,  thus  : 

CH2'CBr-COOH    _  CH2-CBr 

CH,-CBr-COOH  ~  CH2-C'COOH   +   C°2  +  HBr< 
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1.  Experiments  with  Barium  Hydroxide.  —  Pure  dibromotetra- 
methylenedicarboxylic  acid  (about  5  grams)  was  dissolved  in  a  little 
warm  water  and  the  solution  mixed  with  a  large  excess  of  hot,  strong 
barium  hydroxide ;  this  caused  the  separation  of  a  white,  glistening, 
crystalline  precipitate  which  was  very  sparingly  soluble  even  in 
boiling  water,  and  probably  consisted  of  the  barium  salt  of  the 
dibromo-acid  ;  on  continued  boiling,  however,  this  was  gradually  de- 
composed and  passed  into  solution,  much  hydrogen  bromide  being 
eliminated,  as  was  proved  by  testing  the  solution  with  silver  nitrate. 
After  filtering  from  a  small  quantity  of  insoluble  matter,  carbon 
dioxide  was  passed  through  the  boiling  liquid  to  precipitate  the 
excess  of  baryta,  and  the  whole  filtered  hot;  the  filtrate,  on  being 
evaporated  to  a  small  bulk  and  allowed  to  cool,  deposited  colourless 
crystals  which,  after  recrystallisation  from  water  and  drying  at  100°, 
gave  the  following  results  on  analysis. 

Found. 

, * ^  Theory. 

I.  II.  C10H8Br2O4Ba. 

Ba 28-03         28'02  per  cent.  28'02  per  cent. 

Br* 33-01  „  32-72 

On  drying  at  100°,  the  air-dry  glistening  crystals  become  opaque 
and  lose  9" 77  per  cent,  in  weight,  which  appears  to  show  that  the 
freshly  prepared  salt  has  the  composition,  Ci0H8Br204Ba  +  3H20 
(containing  9'96  per  cent.  H20).  This  water  of  crystallisation  is 
gradually  given  off,  when  the  crystals  are  left  exposed  over  sulphuric 
acid  in  a  dessicator  for  a  long  time. 

The  barium  salt  is  sparingly  soluble  in  cold,  but  readily  in  hot 
water :  on  adding  hydrochloric  acid  to  the  hot  solution,  and  allowing 
it  to  cool  slowly,  bromodihydrotetrenecarboxylic  acid  separates  in 
colourless  needles  which,  after  recry&tallising  from  water,  gave  the 
following  results  on  analysis. 

Theory. 
Found.  C4H4Br-COOH. 

C    34-20  per  cent.  33'90  per  cent. 

H 2-97        „  2-83 

Br :      45-23         „  45'18         „ 

The  acid  melts  at  121 — 122°,  and  is  sparingly  soluble  in  cold  water, 
readily  in  hot  water,  chloroform,  alcohol,  ether,  benzene,  and  hot 
light  petroleum  ;  it  is  best  crystallised  from  hot  water  or  light 
petroleum.  That  it  is  an  unsaturated  acid  is  shown  firstly  by  the 
behaviour  of  the  cold  solution  of  its  sodium  salt  with  a  drop  of 
permanganate,  which  it  instantaneously  decolorises,  and,  secondly,  by 

*  In  order  to  determine  the  bromine  in  this  salt,  it  was  found  necessary  to  heat 
the  substance  with  fuming  nitric  acid  and  silver  nitrate  for  5  hours  at  200 — 220°. 

C    2 
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its  conversion  into  tribromotetramethylenecarboxylic  acid  when 
treated  with  bromine. 

The  bromine-atom  in  bromodihydrotetrenecarboxylic  acid  is  very 
firmly  bound,  and  is  only  very  slowly  eliminated  by  boiling  with 
silver  hydroxide,  potash,  qninoline,  and  other  alkalies ;  the  acid  dis- 
solves also  in  fuming  nitric  acid,  and  the  solution  may  be  warmed 
almost  to  the  boiling  point  without  elimination  of  bromine  ;  ultimately, 
however,  vigorous  oxidation  sets  in,  and  the  acid  is  rapidly  decom- 
posed. 

Action  of  Potash  on  Dibromotetramethylenedicarboxylic  acid. — If  this 
acid  be  digested  with  excess  of  potash  instead  of  with  baryta,  and 
the  solution  acidified  and  extracted  with  ether,  a  yellow,  semi-solid 
acid  is  obtained  on  evaporating  the  ethereal  solution.  If  left  in  con- 
tact with  porous  porcelain,  this  becomes  quite  hard  and  almost  colour- 
less, and,  after  recrystallisation  from  water  with  the  aid  of  animal 
charcoal,  yields  colourless  crystals  of  bromodihydrotetrenecarboxylic 
acid.  It  melted  at  122°,  and  on  analysis  gave  the  following  result. 

Found.  Theory.  C5H5BrO2. 

Br... 45'32  per  cent.  45'18  per  cent. 

Many  experiments  were  then  made  with  the  object  of  eliminating 
hydrogen  bromide  from  this  monobromo-acid  by  boiling  with  aqueous 
and  alcoholic  solutions  of  potash  of  various  degrees  of  concentration, 

9TT  •  /"1TT 
,    ~T    '    '    ^^/vrr, 

GH.U'COOri 

be  isolated. 

A  lion  of  Quinoline  and  of  Dimethylaniline  on  Dibromotetramethylene- 
dicarboxylic  Anhydride. — When  this  anhydride  is  gently  heated  with 
qninoline,  a  vigorous  action  sets  in,  and  a  good  deal  of  charring  takes 
place ;  on  examining  the  product,  the  only  crystalline  substance 
which  could  be  isolated  was  found  to  be  bromodihydrotetrenecarb- 
oxylic acid  melting  at  122°,  showing  that  the  quinoline  had  acted 
much  in  the  same  way  as  the  baryta  water  and  the  potash,  1  mol.  of 
hydrogen  bromide  only  being  eliminated. 

A  similar  result  was  obtained  with  dimethylaniline,  but  the  action 
proceeded  much  more  smoothly,  and  with  little  charring ;  O5  gram 
of  the  pure  anhydride  was  dissolved  in  10  grams  of  pure  dimethyl- 
aniline,  and  the  solution  heated  gently  until  the  vigorous  action  which 
soon  sets  in  had  subsided ;  the  temperature  was  then  raised  to  the 
boiling  point  of  the  liquid  for  a  few  seconds. 

The  product  was  then  digested  with  alcoholic  potash  for  10  minutes, 
the  dimethylaniline  removed  by  distillation  in  steam,  the  alkaline 
solution  filtered,  acidified  and  extracted  with  ether ;  the  residue  left 
on  distilling  the  ether  gave  colourless  needles,  which  when  crystallised 
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from  water  melted  at  122°,  and  showed  all  the  properties  of  bromo- 
dihydrotetrenecarboxylic  acid. 

Action  of  Silver  Oxide  on  Dibromotetramethylenedicarboxylic  acid. — 
As  it  was  not  found  possible  to  remove  all  the  bromine  from  this  acid 
by  means  of  baryta  or  potash,  experiments  on  the  action  of  silver 
oxide  were  instituted. 

About  5  grams  of  the  pure  dibromo-acid  was  dissolved  in  half  a 
litre  of  water,  and  freshly  prepared  silver  oxide  was  added  in  small 
quantities  to  the  solution  heated  nearly  to  boiling,  until,  after  stand- 
ing for  some  time  and  filtering,  the  solution  was  found  to  contain  a 
considerable  quantity  of  silver  on  testing  it  with  hydrochloric  acid ; 
when  this  point  was  reached  it  was  found  to  be  disadvantageous  to 
warm  any  further,  otherwise  the  organic  silver  salt  present  decom- 
poses with  deposition  of  silver.  A  stream  of  hydrogen  sulphide  was 
then  passed  through  the  warm  filtered  liquid  until  the  whole  of  the 
silver  had  been  precipitated,  and  the  clear  solution  was  evaporated  to 
a  small  bulk  and  allowed  to  stand  over  sulphuric  acid  in  a  vacuum. 
After  two  days,  the  crystalline  precipitate  which  had  separated  was 
collected  and  recrystallised  from  water  ;  it  then  melted  at  122°  and 
consisted  of  bromodihydrotetrenecarboxylic  acid,  as  the  following 

analysis  shows. 

Theory. 

Found.  C4H4Br-COOH. 

Br 45'41  per  cent.  45'18  per  cent. 

The  dark  coloured  filtrate  from  these  crystals  was  digested  with 
carefully  purified  animal  charcoal  and  allowed  to  evaporate  to  dryness 
over  sulphuric  acid  in  a  vacuum,  the  resulting  syrupy  mass  was  then 
rubbed  up  with  a  little  water,  a  few  crystals  which  remained  undis- 
solved  removed  by  filtration,  and  the  filtrate  again  allowed  to  evapo- 
rate, the  treatment  with  cold  water  being  repeated  until  the  solution 
contained  only  traces  of  bromine. 

The  pale  yellow  syrup  ultimately  obtained  on  evaporation  showed 
no  signs  of  crystallising  even  after  standing  in  a  dessicator  for  a 
fortnight ;  when  heated  at  100°,  it  lost  water  and  yielded  a  brittle, 
transparent  resin  which  on  analysis  gave  the  following  results. 


I.  II.  CH2-C(OH)-COOH ' 

C 40-41         40-46  per  cent.          40'91  per  cent. 

H 4-34          4-51         „  4-55 

As  these  analyses  were  carried  out  with  the  product  from  two  dis- 
tinct experiments,  it  seems  probable  that  this  substance  is  slightly 
impure  dihydroxytetramethylenedicarboxylic  acid,  the  formation  of 
which  was  to  be  expected  from  the  conditions  of  the  experiment  : 

c  3 
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and  the  behaviour  of  the  acid  favours  this  view.  When  heated,  it 
readily  chars,  giving  off  a  strong  smell  of  burnt  sugar  ;  sulphuric 
acid  also  quickly  chars  the  acid  when  the  mixture  is  gently  warmed  ; 
the  acid  is  very  readily  soluble  in  water  and  reduces  ammoniacal 
silver  solution  rapidly  at  80  —  100°,  in  these  respects  behaving  very 
like  tartaric  acid.  On  the  other  hand,  it  does  not  appear  to  form  a 
sparingly  soluble  potassium  salt. 

Action  of  Potash  on  liquid  Methylic  Dibromotetramethylenedicar- 
loxylate.  —  A  quantity  of  this  substance  which  boiled  constantly  at 
190  —  195°  (50  mm.)  was  digested  with  alcoholic  potash,  the  product 
diluted  with  water,  evaporated  till  free  from  alcohol,  acidified  and 
extracted  with  ether.  The  residue  left  on  distilling  off  the  ether, 
when  repeatedly  recrystallised  from  water  with  the  aid  of  animal 
charcoal,  yielded  considerable  quantities  of  bromodibydrotetrenecar- 
boxylic  acid,  also  a  mixture  of  acids  melting  about  150°,  which  were 
not  further  investigated,  and  traces  only  of  dihydrotetrendicarboxylic 
acid.  This  difference  in  the  behaviour  of  the  liquid  and  solid 
methylic  salt  towards  potash  is  remarkable,  and  shows  that  there 
must  be  a  considerable  difference  in  their  constitutions. 


PT-? 

afiz-Tribromotetramethylenecarboxylic  acid,   I          '         r^^T-r1 

OH2*  OJor*  COOH 

A  solution  of  bromodihydrotetreneearboxylic  acid  in  chloroform  is 
only  very  slowly  attached  by  bromine.  Addition,  however,  readily 
takes  place  if  the  finely  divided  acid  is  left  under  a  bell-jar  in  contact 
with  dry*  bromine  vapour,  the  reaction  proceeding  quantitatively  as 
is  shown  by  the  following  experiment. 

0'1074  gram  of  substance  left  in  contact  with  dry  bromine  vapour 
during  24  hours  yielded  a  red  liquid,  which,  after  standing  over 
potash  in  a  vacuum  dessicator  until  the  excess  of  bromine  had 
evaporated,  became  quite  hard  and  almost  colourless,  and  weighed 
0'2044  gram,  an  increase  of  0'0970  gram.  On  the  assumption  that 
addition  takes  place  according  to  the  equation 

CH2-CBr  CH2-CBr2 

CHvOCOOH  CH2-CBr-COOH 

the  increase  should  have  been  0'0971  gram.  The  product  was 
analysed  by  heating  it  with  fuming  nitric  acid  and  silver  nitrate  at 
210°  for  5  hours,  and  gave  the  following  results  agreeing  with  the 
formula  of  tribromotetramethylenecarboxylic  acid. 

If  the  bromine  vapour  be  moist,  oxidation  sets  in,  and  an  uninviting  sticky 
substance  is  formed. 
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Theory. 
Found.  C4H4Br3-COOH. 

Br 70-96  per  cent.  71 '21  per  cent. 

Tribromotetramethylenecarboxylic  acid  is  readily  soluble  in  benzene 
and  alcohol,  sparingly  in  water  and  light  petroleum ;  but  attempts 
to  recrystallise  the  substance  were  unsuccessful,  as  it  readily  decom- 
poses when  warmed  with  solvents. 

/ITT     .    /-I  , 

Methylic  dihydrotetrenedicarboxylate,  1    a   N 

0.0.2 '  0  • 

This  beautiful  substance  is  formed  when  methylic  dibromotetra- 
methylenedicarboxylate  is  digested  in  alcoholic  solution  with  potas- 
sium iodide,  thus 

9Hs-CBr-COOCH3  _  CH2-fl-COOCH, 

CH2-CBr-COOCH3  +  ~  CH2'C-COOCHS  +  2KBr  +  ^ 

Pure  methylic  dibromotetramethylenedicarboxylate  (2  grams)  is 
dissolved  in  absolute  alcohol  (20  c.c.)  finely  powdered  potassium 
iodide  (4  grams)  added,  and  the  mixture  heated  to  boiling  in  a  flask 
connected  with  a  reflux  apparatus ;  the  solution  very  soon  begins  to 
darken  in  colour  owing  to  the  separation  of  iodine,  and  after  boiling 
for  2  hours  the  decomposition  is  complete.  In  order  to  isolate  the 
product  of  the  action,  water  is  added,  the  dark  oily  mass  extracted 
four  times  with  ether,  the  ethereal  solution  washed  with  dilute 
sodium  hydrogen  sulphite  until  colourless,  and  then  with  water; 
after  drying  over  calcium  chloride,  and  evaporating,  a  thick  colour- 
less oil  is  obtained,  which,  on  cooling,  solidifies  to  a  mass  of  crystals. 

The  crystalline  mass  after  being  left  in  contact  with  porous 
porcelain  until  quite  free  from  oily  mother  liquor,  was  recrystallised 
twice  from  light  petroleum  (b.  p.  50 — 60°),  when  magnificent  glisten- 
ing crystals  were  obtained.  On  analysis,  these  gave  the  following 
results. 

Found. 

t * ^  Theory. 

I.  II.  C4H4(COOCH3)2. 

C 56-14         56-21  per  cent.         56*47  per  cent. 

H '     5-93          5-95         „  5'88 

Methylic  dihydrotetrenedicarboxylate  melts  at  44 — 46°  and  is  readily 
soluble  in  methylic  or  ethylic  alcohols,  ether,  benzene,  and  hot  light 
petroleum,  but  only  sparingly  in  the  latter  solvent  in  the  cold ;  it 
crystallises  from  most  solvents  with  great  facility. 

A  small  quantity  of  the  finely  powdered  substance  was  exposed 
under  a  bell  glass  to  the  vapour  of  dry  bromine  for  15  hours;  after 
removal  of  the  excess  of  bromine  over  potash  in  a  vacuum,  a  colour- 
less mass  was  left  which  crystallised  in  needles  melting  at  84 — 86°, 
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and  stowed  all  the  properties  of  methylic  dibromotetramethylene- 
dicarboxylate ;  it  was  doubtless  identical  with  the  latter,  but  no 
analysis  of  the  product  could  be  made  owing  to  the  small  amount  of 
substance  available. 

CHvOCOOH 
Dihydrotetrenedicarboxylic  acid,    I       .n.pQQjr 

In  order  to  prepare  this  acid,  the  pure  methylic  salt  was  digested 
for  10  minutes  with  an  excess  of  alcoholic  potash,  the  solution  of  the 
potassium  salt  mixed  with  water,  evaporated  until  free  from  alcohol, 
acidified  and  extracted  at  least  10  times  with  ether ;  the  ethereal 
solution  was  then  dried  by  calcium  chloride,  evaporated,  and  the 
residual  almost  colourless  acid  purified  by  recrystallisation  from 

water.     Analysis 

Found. 

f A ^  Theory. 

I.  II.  C4H4(COOH)2. 

C 50-49         50-60  per  cent.         50- 70  per  cent. 

H 4-15  4-25         „  4-23       „ 

Dihydrotetrenedicarboxylic  acid  crystallises  from  water  in  colour- 
less needles  which  melt  and  decompose  at  about  178°  forming  the 
anhydride.  It  is  readily  soluble  in  hot  water  and  alcohol,  sparingly 
in  cold  water,  benzene,  or  ether,  and  almost  insoluble  in  light  petro- 
leum. It  dissolves  readily  in  dilute  sodium  carbonate,  and  the  solution 
decolorises  permanganate  very  rapidly,  a  proof  that  the  acid  is  un- 
saturated. 

When  exposed  to  dry  bromine  vapour,  it  is  either  not  acted  on  at 
all  01-  action  takes  place  with  extreme  slowness,  which  is  rather 
remarkable  as  the  methylic  salt  under  the  same  conditions  is  readily 
converted  into  methylic  dibromotetramethylenedicarboxylate.  If  a 
little  of  the  acid  be  carefully  heated  in  a  test  tube,  water  is  given  off 
at  first,  and  the  residue  then  rapidly  decomposes,  a  carbonaceous 
mass  being  left :  in  this  respect  the  acid  differs  widely  from  com- 
pounds of  analogous  constitution,  such  as  fumaric  acid  or  pyro- 
cinchonic  anhydride  which  distil  without  decomposition. 

Silver  Salt  C4H4(COOAg)2.— This  salt  is  obtained  as  a  white 
amorphous  precipitate  on  adding  a  large  excess  of  silver  nitrate 
to  a  warm,  slightly  alkaline,  solution  of  the  ammonium  salt ;  it  was 
collected,  washed  with  warm  water,  dried  over  sulphuric  acid  in  a 
vacuum  and  then  at  100°,  and  analysed  with  the  following  result. 

Theory. 
Found.  C6H4Ag2O4. 

C 20-22  per  cent.  20'22  per  cent. 

H 0-95        „  1-12        „ 

Ag    60-32  60-67 
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This  silver  salt  is  very  sparingly  soluble  in  water  ;  when  heated  ifc 
decomposes  all  at  once,  yielding  a  very  voluminous  mass  of  silver,  for 
which  reason  the  above  silver  determination  had  to  be  carried  out  in 
the  wet  way. 

Hydrogen  Silver  Salt,  COOH-C4H4-  COOAg.—  The  warm  mother 
liquors  from  the  above  salt,  after  two  days,  deposited  magnificent, 
glistening  needles  of  the  hydrogen  silver  salt  ;  these  were  collected, 
washed  with  water,  dried  over  sulphuric  acid  in  a  vacuum  and  then 
at  100°,  and  analysed. 

Found.  Theory. 

C6H5Ag04. 


Ag    ....      42-94         43-12  per  cent.         43'35  per  cent. 

It  is  remarkable  that  the  corresponding  dihydropentenedicarb- 
oxylic  acid  (p.  983)  should  give  a  similarly  constituted  hydrogen  silver 
salt,  and  that  both  salts,  when  they  have  once  crystallised,  should  be 
so  sparingly  soluble  in  water. 

Dihydrotetrenedicarboxylic  acid  is  also  produced  when  methylic 
dibromotetramethylenedicarboxylate  (p.  967)  is  treated  with  alcoholic 
potash,  the  action  in  this  case  being  quite  different  from  that  which 
takes  place  when  dibromotetramethylenedicarboxylic  acid  itself  is 
heated  with  alkalis. 

The  pure  methylic  salt  (5  grams)  was  dissolved  in  a  little  boiling 
alcohol,  and  a  strong  solution  of  potash  (7  grams)  in  alcohol  gradually 
added  ;  a  vigorous  action  took  place,  and  in  a  short  time  the  whole 
solidified  to  a  crystalline  mass. 

On  subsequently  warming  on  a  water  bath,  most  of  the  crystals 
gradually  disappeared,  and  the  colour  of  the  liquid  changed  to  dark 
brown  ;  after  two  hours'  digestion  in  a  reflux  apparatus,  water  was 
added,  the  solution  evaporated  until  free  from  alcohol,  filtered, 
acidified,  and  extracted  10  times  with  ether  ;  the  ethereal  solution 
was  then  dried  over  calcium  chloride,  filtered,  and  the  ether  slowly 
distilled  off.  During  the  distillation,  and  after  the  bulk  of  the  ether 
had  distilled  over,  crystals  separated  ;  these  were  collected,  washed 
with  a  little  ether  to  remove  the  dark-coloured  mother  liquor,  and 
purified  by  recrystallisation  from  water  with  the  aid  of  animal  char- 
coal. The  colourless  crystals  thus  obtained  melted  at  178°,  and  con- 
sisted of  pure  dihydrotetreiiedicarboxylic  acid,  as  the  following 
analysis  shows. 

Theory. 

Found.  C4H4(COOH)2. 

C  ........      50-35  per  cent.  50'  70  per  cent. 

H  .  4-31  4-23 
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This  reaction  does  not  afford  a  convenient  means  of  preparing  this 
acid,  as  the  yield  is  not  good,  and  the  product  is  much  more  difficult 
to  purify  than  that  obtained  from  the  pure  methylic  salt,  as  previously 
explained  (p.  975). 

CH2-OCO 

DiTiydrotetrenedicarboxylic  Anhydride,   '         U  nr^ 

O-tij  *  \~>  *  v>vJ 

In  the  first  experiments  made  with  the  object  of  preparing  this 
anhydride,  the  pure  acid  was  digested  with  acetyl  chloride  and  with 
acetic  anhydride  for  one  hour ;  endeavours  to  purify  the  dark-coloured 
product  by  distillation  under  reduced  pressure  (20  mm.)  were  fruit- 
less, because  as  soon  as  the  excess  of  acetic  anhydride  or  acetyl 
chloride  had  passed  over  and  the  temperature  rose  above  150°,  rapid 
decomposition  set  in,  and  the  whole  mass  became  quite  black.  AVhen, 
however,  the  pure  acid  was  heated  in  a  test  tube  at  190 — 200°,  vigo- 
rous effervescence  took  place,  water  was  eliminated,  and  the  action  was 
complete  in  five  minutes ;  the  product,  which  on  cooling  set  to  a 
hard,  transparent  resin,  was  analysed,  two  distinct  preparations 
giving  the  following  numbers. 

Found. 

Theory. 


I.  II.  C4H4C2O3. 

C 57-47         57-55  per  cent.         58'06  per  cent. 

H 3-29          3-27       „  3'23        „ 

This  substance  is  obviously  the  anhydride  of  dihydrotetrenedicarb- 
oxylic  acid.  It  is  a  resinous  substance,  which  melts  in  the  steam 
oven,  and  could  not  be  obtained  in  a  crystalline  form;  when  boiled 
with  water-  it  melts  and  gradually  dissolves,  forming  a  clear  solution, 
and  this,  if  allowed  to  evaporate  over  sulphuric  acid  in  a  vacuum 
leaves  a  syrupy  residue  which,  on  long  standing,  deposits  crystals. 

In  contact  with  porous  porcelain,  these  crystals  lose  the  adherent, 
syrupy  mother  liquor,  and  become  quite  colourless,  but  all  attempts 
to  recrystallise  the  substance  failed ;  two  distinct  preparations  were 
dried  at  100°,  and  analysed  with  the  following  results. 

Found. 

, A ^  Theory. 

I.                II.  C4H4(CO'OH)2. 

C 50-63         50-59  per  cent.  50' 70  per  cent. 

H 4-10          4-25        „  4-23 

This  acid  is,  therefore,  isomeric  with  dihydrotetrenedicarboxylic 
acid  (m.  p.  178°),  and  it  differs  from  this  in  a  most  marked  manner; 
it  is,  for  example,  excessively  soluble  in  water  and  ether,  and 
cannot  be  recrystallised,  whereas  the  acid  of  melting  point  178° 
is  sparingly  soluble  in  these  solvents,  and  is  remarkable  for  the  great 


DERIVATIVES   OF   TETRAMETHYLENE.  978 

facility  with  which  it  crystallises.  Unfortunately  the  small  quantity 
of  material  at  my  disposal  made  it  impossible  for  me  to  further 
investigate  this  substance. 

Action  of  Potassium  Iodide  on  Dibromotetramethylenedicarboxylic  acid. 
Formation  of  BromodiJiydrotetrenecarboxylic  acid. 

The  formation  of  methylic  dihydrotetrenedicarboxylate  by  the 
action  of  potassium  iodide  on  methylic  dibromotetramethylenedicarb- 
oxylate  made  it  interesting  to  determine  whether  dihydrotetrenedi- 
carboxylic  acid  itself  might  be  produced  by  treating  the  dibromo- 
acid  with  potassium  iodide. 

The  pure  dibromo-acid  (2  grams)  was  mixed  with  a  strong  solu- 
tion of  potassium  iodide  (10  grams)  and  allowed  to  stand,  when  it 
was  noticed  that  even  in  the  cold  the  solution  gradually  acquired  a 
yellow  tint,  due  to  liberation  of  iodine ;  at  100°,  in  a  sealed  tube, 
decomposition  took  place  rapidly,  and  after  two  hours  the  liquid  had 
become  dark  brown.  On  allowing  the  tube  to  remain  over  night  in  a 
cool  place,  crystals  were  deposited,  and  when  the  tube  was  opened  a 
slight  pressure  was  noticeable,  due  to  carbon  dioxide.  The  crystals 
were  collected,  washed  with  water,  and  recrystallised  several  times 
from  this  solvent,  when  they  became  colourless.  The  substance 
melted  at  122°,  and,  ou  analysis,  was  found  to  consist  of  bromodi- 
hydrotetrenecarboxylic  acid. 

Found.  Theory. 

Br 44'95  per  cent.  45'18  per  cent. 

It  is  remarkable  that  there  should  be  such  a  difference  between  the 
behaviour  of  dibromotetramethylenedicarboxylic  acid  and  that  of 
its  methylic  salt,  when  treated  with  potassium  iodide. 

The  Owens  College, 
Manchester. 
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THE  "CIS"  AKD  ''TRANS"--  MODIFICATION 
OF  TETRAMETIIYLENEDICARBOXYLIC  ACID 
(1, 2)  AND  PENTAMErHYLENEDICAKBOXYlIC 
ACID  (1,  2). 


W.  H.  PERKIN,  JUK. 


[From  the  Transactions  of  the  Chemical  Society,  1894.] 


The  '  cis-'  and  '  trans-'  modification  of  tetramethylenedicarboxylic  acid 
(1.2)  and  pentamethylenedicarboxylic  acid  (1.2). 

By  W.  H.  PERKIN,  Juii. 

IN  the  course  of  his  interesting  researches  on  the  reduction  of  phthalic 
acid  (Annalen,  258,  145  ;  269,  145),  Baeyer  has  shown  that  hexa- 
hydrophthalic  acid  exists  in  two  modifications,  which  differ  very 
widely  in  their  properties,  and  which  he  distinguishes  by  the 
prefixes  "  fumaroid  "  or  "  trans  "  and  "  maleinoid  "  or  "  cis." 
Graphically,  these  two  acids  may  be  represented  thus — 


-COOH 


COOH 


Cis-  or  maleino'id 
modification. 


HU-COOH 


Trans-  or  fumaroid 
modification. 


but  it  is  not  easy  to  clearly  understand  the  different  arrangement  of 
the  groups  of  atoms  in  these  two  formulae  unless  models  are  used. 
The  properties  of  the  trans-  and  czs-hexahydrophthalic  acids  which 
have  a  direct  bearing  on  the  results  described  in  this  paper  are  the 
following. 

The  trans-Sidd  (m.  p.  215°)  distils  unchanged  if  quickly  heated,  but 
when  kept  at  a  temperature  slightly  above  its  melting  point,  water  is 
eliminated,  and  the  acid  is  partly  converted  into  the  anhydride  of  the 
cis-acid. 

The  cis-acid  (m.  p.  192°)  is  gradually  decomposed  at  its  melting 
point,  yielding  the  anhydride,  which  melts  at  32°,  and  when  heated 
with  hydrochloric  acid  at  180°,  it  is  converted  into  the  trans-acid. 

b 
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One  of  the  most  interesting  results  obtained  in  the  examination  of 
these  acids  is  the  observation  that  the  £raws-acid,  when  heated  with 
acetyl  chloride,  also  yields  an  anhydride  melting  at  140°,  which,  at  a 
temperature  of  210 — 220°,  is  gradually  converted  into  the  anhydride 
of  the  cis-acid. 

Baeyer  points  out  the  great  similarity  there  is  between  these  acids 
and  the  dimethylsuccinic  acids,  which  also  exist  in  two  modifica- 
tions— 

CH3  CH3 

H-C-COOH  H-C-COOH 

COOH-C-H  H-C-COOH 

CH3  CH3 

2Vaws-modification.  CYs-rnodification. 

These  two  modifications  are  convertible  the  one  into  the  other,  by 
the  same  methods  as  those  used  in  the  case  of  the  hexahydrophthalic 
acids  ;  both  yield  anhydrides,  melting  at  87°  and  38°  respectively,  the 
former  being  converted  into  the  latter  by  heating. 

It  is  quite  easy  to  understand  from  an  examination  of  the  models 
that  the  cts-acids  should,  like  maleic  and  succinic  acids,  yield  an- 
hydrides, but  it  is  somewhat  more  difficult  to  explain  the  existence  of 
the  ^raws-anhydrides,  especially  when  the  fact  is  taken  into  account 
that  it  has  not  been  found  possible  to  produce  an  anhydride  of  f umaric 
acid. 

However,  as  Baeyer  carefully  points  out,  the  study  of  the  molecule 
models  of  these  ^raws-acids  at  once  reveals  the  fact  that  the  relative 
directions  of  the  aifinities  holding  the  carboxyl  groups  are  not  by  any 
means  the  same — the  affinities  in  the  case  of  f  umaric  acid  being 
inclined  o,t  an  angle  of  180°,  whereas  in  the  case  of  the  £raws-hexa- 
hydrophthalic  acid  and  £raws-dimethylsuccinic  acid  the  angle  is 
approximately  109°. 

It  may  be  assumed,  therefore,  that  the  reason  why  fnmaric  acid 
does  not  give  an  anhydride  is  because  the  distance  between  the  two 
carboxyl  groups  is  too  great ;  in  the  case  of  tfraws-hexahydrophthalic 
acid  and  trans- dimethylsuccinic  acid,  the  distance  is  far  less,  and  the 
strain  necessary  to  bring  the  two  carboxyl  groups  together  is  not 
sufficient  to  prevent  the  formation  of  an  anhydride  ;  nevertheless,  as 
the  strain  is  still  much  greater  than  in  the  anhydrides  of  the  cz's-acids, 
it  may  be  assumed  that  there  is  a  tendency  in  the  ^raws-anhydrides 
to  change  into  the  more  stable  ct's-forms. 

From  considerations  such  as  these,  Baeyer  concludes  that  the  trans- 
moditication  of  1  :  2-pentamethylenedicarboxylic  acid  must  also  yield 
an  anhydride,  because  the  conditions  of  strain  in  this  acid  are  almost 
exactly  the  same  as  in  £ra«s-hesahydrophthalic  and  trans- dimethyl- 
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succinic  acids ;  he  also  states  that  it  is  clear,  from  the  examination 
of  the  models,  that  £rcms-trimethylenedicarboxylic  acid, 

COOH      H 
\/ 
.0 


CH2<Y 


/\ 
H      COOH 

cannot  yield  an  anhydride,  whereas  in  the  case  of  £rans-tetramethyl- 
COOH      H 
\/ 

/ITT   ,/~l 

enedicarboxylic  acid,      I     8  1  ,  it  is  doubtful  whether  an  an- 

C-tlyO 

/\ 
H      COOH 

hydride  could  be  formed  or  not.  These  theoretical  deductions  agree 
with  the  known  facts  as  far  as  trimethylenedicarboxylic  acid  is  con- 
cerned ;  the  £raws-modification  of  this  acid  does  not  give  an  anhydride, 
although  the  c^s-modification  does. 

With  regard  to  the  intermediate  tetramethylene-  and  pentamethyl- 
enedicarboxylic  acids,  the  cis-  and  £r<ms-modifications  of  these  acids 
had  not  at  that  time  been  prepared ;  and,  indeed,  some  preliminary 
experiments  which  I  made  with  the  object  of  obtaining  two  modifi- 
cations of  1  :  2-tetramethylenedicarboxylic  acid  gave  results  which, 
I  thought,  pointed  to  the  existence  of  only  one  form  of  this  acid 
(compare  Ber.,  26,  2245). 

This  want  of  success  was  doubtless  due  to  the  very  slight  difference 
in  the  melting  points  of  the  two  tetramethylene  acids,  as  some  time 
since,  on  again  carefully  experimenting  on  the  subject,  I  found  that 
both  tetramethylene-  and  penlamethylene-dicarboxylic  acids  exist  in 
well  defined  cis-  and  £rcms-modifications. 

Tetramethylenedicarboxylic  acid  (m.  p.  138°)*  has  been  described 
in  a  previous  paper  (Trans.,  1890,  57,  18).  It  was  prepared  by  the 
following  series  of  reactions,  which  leave  no  doubt  as  to  its  constitu- 
tion. 

When  ethylene  dibroinide  acts  on  the  sodium  compound  of  ethylic 
malonate,  ethylic  trimethylenedicarboxylate  is  formed,  together  with 
small  quantities  of  ethylic  butanetetracarboxylate,  the  latter  result- 
ing from  the  direct  action  of  1  mol.  of  ethylene  bromide  on  2  mols.  of 
the  sodium  compound,  thus — 

2(COOC2H5)2CHNa  +  BrCH2-CH2Br  = 

(COOC2H5)2CH-CH2-CH2-CH(COOC2H5)2  +  2NaBr. 

This    ethereal    salt   yields    a    disodium    compound,   which,    when 
*  The  melting  point,  130°,  previously  given,  is  too  low. 

6  2 
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treated  with  bromine,  is  converted  into  ethylic  tetramethylenetetra- 
carboxylate. 

CH2-CNa(COOC2H5)2  CH2-C(COOC2H5)2 

CH2-CNa(COOC3H5)2  ""  "   CET2-C(COOC2H5)2  "^ 

On  hydrolysis,  this  ethereal  salt  yields  the  corresponding  tetra- 
carboxylic  acid,  which,  at  a  temperature  of  200°,  is  rapidly  decom- 
posed with  formation  of  1  :  2-tetramethylenedicarboxylic  acid  or  its 
anhydride. 

CH2-C(COOH)2    CH2-CH-COOH 
CH2-C(COOH)2  "  CE2-CH-COOH  "* 

The  yield  of  ethylic  bntanetetracarboxylate  obtained  by  this 
method  is  so  small  (about  3  per  cent.)  that  it  was  found  impossible, 
at  that  time,  to  submit  the  tetramethylene  derivatives  obtained  to  a 
detailed  examination;  since  then,  however,  by  substituting  ethylene 
chloride  for  ethylene  bromide,  and  introducing  other  modifications  in 
the  method  of  preparation,  as  fully  described  in  this  paper,  the  yield 
has  been  so  much  improved  that  considerable  quantities  of  material 
can  now  be  obtained  with  comparative  ease. 

The  first  fact  that  was  established  in  re-examining  tetramethylene- 
dicarboxylic  acid  was  that  the  acid  obtained  in  the  above  synthesis 
under  the  conditions  described  in  this  paper,  and  which  melts  at  138°, 
is  the  cis-modification  ;  when  heated  with  acetyl  chloride  it  is  con- 
verted into  an  anhydride  (m.  p.  75°),  which  dissolves  readily  in  boil- 
ing water,  with  regeneration  of  the  same  acid. 

Trcms-tetramethylenedicarboxylic  acid  is  prepared  by  heating  the 
cis-acid  with  concentrated  hydrochloric  acid  at  190°  ;  it  melts  at  131°, 
or  only  7°  lower  than  the  c^s-acid,  and,  like  the  latter,  it  is  very  readily 
soluble  in  water ;  to  this  great  similarity  in  properties  must  be 
attributed  the  fact  that  in  the  first  experiments  the  existence  of  the 
second  modification  was  overlooked. 

Generally  speaking,  when  an  acid  exists  in  two  forms,  the  ^raws- 
melts  at  a  higher  temperature  than  the  ^-modification,  notable 
exceptions  being  the  aa-dimethylglutaric  acids, 

COOH-CH(CH3)-CH2-CH(CH3)-COOH, 

and  the  hexahydroisophthalic  acids  ;  to  these  must  now  be  added  the 
tetramethylenedicarboxylic  acids,  as  in  this  case  the  trans-  melts 
lower  than  the  cts-modification. 

The  determination  of  the  dissociation  constants  for  the  electric  con- 
ductivity of  the  two  isomeric  tetramethylenedicarboxylic  acids,  which 
Dr.  Walker  kindly  undertook,  has  given  very  interesting  results,  the 
values  found  being  the  following. 

Traws-tetramethylenedicarboxylic  acid K  =  O0028 

Off-  „  K  =  0-0066 
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Here,  again,  these  two  acids  show  an  unusual  behaviour,  as,  in 
nearly  all  cases  which  have  been  investigated,  the  trans-a.cid  has  a 
higher  constant  than  the  cis ;  for  example — 

Trcms-dimethylsuccinic  acid   K  =  0*0191 

Cis-            „            „          „      K  =  0-0123 

Tnms-hexahydrophthalic  acid K  =  0'0062 

Cis-            „            „            „    K  =  0-0044 

But  this  is  not  always  so,  and,  as  an  exception,  the  case  of  the 
diethylsuccinic  acids  may  be  cited. 

Tnws-diethylsuccinic  acid K  =  0'0245 

Cis-  „  „  K  =  0-0343 

Although  the  two  tetramethylenedicarboxylic  acids  possess,  in  many 
ways,  very  similar  properties,  they  are  very  sharply  characterised  by 
their  behaviour  towards  acetyl  chloride. 

The  Cis-acid,  when  digested  for  a  short  time  with  this  reagent,  is 
completely  converted  into  its  anhydride,  but  the  trans-Sidd  may  be 
heated  at  160 — 170°  with  acetyl  chloride  for  1|  hours  without  any 
perceptible  change  taking  place  ;  again,  the  cw-acid  decomposes  on 
distillation,  with  formation  of  the  anhydride,  but  the  trans-acid,  when 
rapidly  heated  in  small  quantities,  distils  almost  unchanged,  and  it  is 
only  when  repeatedly  distilled  that  water  is  eliminated,  and  then  with 
formation  of  the  anhydride  of  the  c^-acid,  the  conversion  being, 
apparently,  very  incomplete,  even  after  four  distillations. 

In  this  behaviour,  the  cis-  and  £ra%s-tetramethylenedicarboxylic 
acids  show  great  similarity  to  the  corresponding  hexahydrophthalic 
acids,  with  the  exception,  however,  that  £rcms-tetrarnethylenedicarb- 
oxylic  acid  does  not  yield  a  distinct  anhydride,  whereas  ^ram-hexa- 
methylenedicarboxylic  acid  does,  this  being  in  strict  accordance  with 
the  properties  which  Baeyer  predicted  for  these  acids. 

1 : 2-Pentamet/iylenedicarboxylic  acid  has  already  been  prepared 
(Trans.,  1887,  51,  244)  from  ethylic  pentanetetracarboxylate, 

(COOC2H5).CH-CH2«CH2-CH2-CH(COOC2HS)2, 

a  series  of  reactions  exactly  analogous  to  those  employed  in  the 
synthesis  of  tetramethylenedicarboxylic  acid,  as  described  above. 
The  acid  thus  obtained  melts  at  160°,  and  is  £raws-pentamethylene- 
dicarboxylic  acid,  whereas,  in  the  corresponding  synthesis  of  the 
tetramethylenedicarboxylic  acid,  the  cis-modification  is  produced. 

Trems-pentamethylenedicarboxylic  acid  is  attacked  by  acetyl  chloride 
with  difficulty;  it  is,  for  example,  not  appreciably  acted  on  when 
heated  with  this  reagent  at  100°  for  three  hours,  but  at  140 — 150°  it 
is  decomposed,  with  formation  of  the  anhydride  of  the  cu-acid. 
This  same  change  takes  place  when  the  acid  is  distilled,  the  conyer- 
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sion,  after  two  or  three  distillations,  being  apparently  complete ;  in 
this  respect  it  differs  from  ^raws-tetramethylenedicarboxylic  acid, 
which  is  much  more  stable,  and  only  partially  converted  into  the 
anhydride  of  the  cis-acid  on  distillation. 

It  is  remarkable  that,  in  spite  of  numerous  experiments,  I  have 
not  been  able  to  prepare  an  anhydride  corresponding  to  irans-penta- 
methylenedicarboxylic  acid,  although,  according  to  Baeyer's  theory, 
such  an  anhydride  should  be  formed  with  about  the  same  ease  as  the 
anhydride  of  tfrcms-hexahydrophthalic  acid.  Possibly,  under  other 
conditions,  such  an  anhydride  might  be  obtained,  but  this  seems 
improbable. 

Ois-pentamethylenedicarboxylic  acid  is  readily  obtained  by  dissolv- 
ing the  anhydride,  prepared  by 'distilling  the  ^raws-acid,  in  dilute 
potash.  It  melts  at  141°,  and  is  much  more  readily  soluble  in  water 
than  the  trans-acid.;  when  heated  with  concentrated  hydrochloric 
acid  at  180°,  ib  is  converted,  apparently  quantitatively,  into  the  fa-cms- 
acid  (m.  p.  160°). 

The  dissociation  constants  for  the  two  pentamethylenedicarboxylic 
acids  were  determined  by  Dr.  Walker,  with  the  following  results. 

2Vaws-pentamethylenedicarboxylic  acid K  =  0*0120 

Cis-  „  „  „       K  =  0-0158 

Here  again  the  c^fs-acid  has  the  higher  constant,  as  was  also 
observed  in  the  case  of  the  tetramethylenedicarboxylic  acids. 

It  is  very  remarkable  that  the  constants  of  the  pentamethylenedi- 
carboxylic acids  should  be  so  very  much  larger  than  the  constants 
either  of  the  tetramethylene-  or  hexamethylene-dicarboxylic  acids,  as 
thy  following  comparison  shows. 

Trans-.  Cis-. 

Tetramethylenedicarboxylic  acid  . .      0'0028         0'0066 
Pentamethylenedicarboxylic  acid ..      0;0120         0'0]58 
Hexamethylenedicarboxylic  acid  . .      0'0062         0'0044 
(Hexahydrophthalic  acid) 

In  this,  and  in  many  other  respects,  which  will  be  at  once  noticed  in 
comparing  the  properties  of  these  acids,  there  are  sharp  differences  in 
their  behaviour.  There  is  no  gradual  change  in  properties  in  passing 
from  the  tetramethylene  to  the  hexamethylene  derivatives,  such  as 
might  have  been  expected.  Obviously,  then,  these  acids,  although 
they  are  analogously  constituted,  and  differ  from  each  other  by  CH2, 
cannot  be  considered  as  true  members  of  a  homologous  series ;  they 
behave  rather  as  if  they  belonged  to  three  distinct  series,  and  a 
similar  deduction  may  be  drawn  from  a  consideration  of  the  pro- 
perties of  the  other  derivatives  of  tetra-,  penta-,  and  hexa-methylene. 
I  propose  to  return  to  this  point  in  a  subsequent  paper. 
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The  results  of  this  investigation  show  once  again  that  it  is  not  safe 
to  attempt  to  deduce  the  configuration  of  stereoisomeric  acids  from 
their  melting  points  or  dissociation  constants  ;  the  only  sure  method 
is  to  investigate  the  behaviour  of  the  isomers  when  treated  with 
acetjl  chloride  and  with  hydrochloric  acid  at  a  high  temperature. 

Preparation  of  Ethylic  Butanetetracarboxylate, 
(COOC2H5)2CH-CH3-CH2-CH(COOC2H5)2. 

This  substance  is  best  obtained,  as  explained  in  the  Introduction 
to  this  paper,  by  treating  the  sodium  compound  of  ethylic  malonate 
with  ethylene  chloride,  the  reaction  proceeding  thus — 

2(COOC2H6)2CHNa  +  C1CH2-CH.C1  = 

(COOC2H6)2CH-CH2-CH2-CH(COOC3H5)2  +  2NaCl. 

The  details  of  the  preparation  are  as  follows. 

9'2  grams  of  sodium  is  dissolved  in  120  c.c.  of  absolute  alcohol,  and 
the  solution,  when  quite  cold,  transferred  to  a  soda-water  bottle,  64 
grams  of  ethylic  malonate  and  21  grams  of  ethylene  chloride  added, 
and  the  whole  mixed  as  thoroughly  as  possible  by  shaking,  an  opera- 
tion rendered  somewhat  difficult  on  account  of  the  separation  of  solid 
particles  of  the  sodium  compound  of  ethylic  malonate,  which  some- 
times cause  the  liquid  to  set  to  a  jelly-like  mass.  The  soda-water 
bottle  is  securely  corked  and  tied  down,  and  heated  in  a  water  bath 
at  100°  for  eight  hours ;  usually  four  to  six  such  bottles  were  heated 
at  the  same  time.  When  cold,  the  alcoholic  solution  is  carefully 
decanted  from  the  cake  of  sodium  chloride  which  has  separated,  and 
the  alcohol  distilled  off  on  a  water  bath  ;  the  residue,  together  with 
that  remaining  in  the  bottles,  is  then  mixed  with  sufficient  water  to 
dissolve  the  salt,  and  extracted  three  times  with  ether. 

The  ethereal  solution  is  well  washed  with  water,  dried  over  calcium 
chloride,  the  ether  distilled  off,  and  the  brownish,  oily  residue,  which 
from  four  bottles  weighs  always  about  220  grams,  is  fractioned  under 
reduced  pressure*  (40  mm.)  until  the  thermometer,  immersed  in  the 
boiling  liquid,  rises  to  150°. 

The  colourless  oil  (125  grams)  which  passes  over  consists  of  a 
mixture  of  ethylic  trimethylenedicarboxylate  with  unchanged  ethylic 
malonate ;  the  very  dark  coloured  residue  (70  grams)  which  remains 
in  the  distilling  flask  contains  ethylic  butanetetracarboxylate.  The 
distillate  of  low  boiling  point  is  now  fractioned  under  the  ordinary 
pressure,  and  the  fraction  180 — 225°  collected  and  used  again  in  pre- 

*  In  this  and  in  subsequent  distillations,  when  the  amount  of  liquid  to  be 
fractioned  was  not  less  than  50  c.c.,  the  distillation  flasks  recommended  by 
Claisen  (Annalen,  277,  177)  were  found  to  be  very  useful,  as,  with  these,  there  is 
much  less  risk  of  frothing  orer  than  when  the  ordinary  fractioning  flasks  are  used. 
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paring  further  quantities  of  ethylic  butanetetracarboxylate,  the  opera- 
tion being  conducted  in  the  same  way  as  before,  except  that,  as  this 
fraction  is  assumed  to  contain  only  50  per  cent,  of  ethylic  malonate, 
the  relative  quantities  employed  are  128  grams  of  oil,  9'2  grams  of 
sodium,  and  21  grams  of  ethylene  chloride;  the  isolation  and  separa- 
tion of  the  product  into  two  fractions  is  carried  out  as  before. 

It  is  very  remarkable  that  the  yield  of  crude  ethylic  butanetetra- 
carboxylate is  now  very  much  larger  than  in  the  first  series  of 
operations  ;  from  four  bottles  (in  each  of  which  128  grams  of  recovered 
oil  had  been  treated),  no  less  than  440  grams  of  oil,  boiling  above 
150°  (40  mm.),  was  obtained,  or  at  least  double  that  resulting  from 
the  treatment  of  pure  ethylic  malonate  ;  and  it  is  also  noticeable  that 
the  product  obtained  in  the  second  preparation  is  not  nearly  so  dark 
coloured,  and  is  much  more  easily  purified. 

The  crude  ethylic  butanetetracarboxylate  is  now  submitted  to  frac- 
tional distillation  under  reduced  pressure  (40  mm.),  not  more  than 
100  grams  being  distilled  at  once  ;  a  small  quantity  of  oil  passes  over 
below  200°,  but  the  temperature  rises  rapidly  to  230°,  between  which 
and  250°  the  principal  portion  distils  as  an  almost  colourless  oil,  a 
small  quantity  of  a  tarry  mass  remaining  in  the  flask. 

The  distillate  is  once  more  fractioned,  and  the  fraction  230  —  250° 
(40  mm.)  collected  for  use  in  subsequent  experiments  ;  the  amount 
obtained  from  500  grams  of  crude  oil  boiling  above  150°  (40  mm.)  is 
about  300  —  320  grams.  That  this  oil  is  nearly  pure  ethylic  butane- 
tetracarboxylate is  shown  by  the  following  analysis. 

Theory. 

Found.  Ci6H26O8. 

C   ........      55'21  per  cent.  55'49  per  cent. 

H  ........        7-67         „  7-51 


Pure  ethylic  butanetetracarboxylate  boils  at  240—245°  (50mm.). 
The  oil  from  the  second  preparation,  boiling  below  150°  (40  mm.),  is 
fractioned  as  before  under  ordinary  pressure,  and  the  portion  boiling 
at  180  —  225°  mixed  with  one-  third  of  its  weight  of  ethylic  malonate, 
and  again  treated  with  sodium  ethoxide  and  ethylene  chloride,  the 
quantities  to  be  employed  being  calculated  on  the  assumption  that 
the  mixture  now  contains  50  per  cent,  of  ethylic  malonate. 

As  the  result  of  a  number  of  experiments  it  was  found  that  this 
method  could  be  continued  apparently  indefinitely;  after  the  first 
preparation,  the  yield  of  ethylic  butanetetracarboxylate  is  always 
very  good.  This  reaction  is  at  present  being  carefully  investigated 
with  a  view  to  affording  some  explanation  of  the  remarkable  series  of 
decompositions  which  evidently  take  place. 
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CH2-C(COOH) 
1:1:2:  2-Tetramethylenetetracar~boxylic  acid,    I 


This  acid  lias  already  been  obtained  by  the  hydrolysis  of  ethylic 
tetramethylenetetracarboxylate  by  means  of  alcoholic  potash,  the 
crude  product  being  purified  by  conversion  into  the  lead  salt  (Trans., 
1887,  51,  21),  but,  in  preparing  large  quantities  of  this  acid,  this 
method  proved  too  laborious,  and  after  many  experiments  the  follow- 
ing was  adopted  as  being  the  most  convenient  and  yielding  the  purest 
product. 

In  the  first  place,  ethylic  butanetetracarboxylate  was  converted 
into  ethylic  tetramethylenetetracarboxylate  in  the  same  way  as  before, 
with  this  slight  difference,  that  in  all  cases  a  slight  excess  of  sodium 
and  of  bromine  were  employed,  so  as  to  ensure  the  product  being 
free  from  unchanged  ethylic  bntanetetracarboxylate,  as  even  small 
quantities  of  the  latter  render  the  subsequent  purification  of  the 
tetramethylene  derivatives  a  matter  of  considerable  difficulty.  The 
quantities  used  in  each  operation  were,  35  grams  of  ethylic  butane- 
tetracarboxylate, 5  grams  of  sodium,  and  18  grams  of  bromine  ;  the 
crude  ethereal  salt  was  isolated  as  before,  and  at  once  converted  into 
tetramethylenetetracarboxylic  acid. 

For  this  purpose,  the  crude  ethereal  salt  was  digested  on  a  water 
bath  with  1|  times  the  calculated  quantity  of  a  strong,  hot  solution  of 
pure  barium  hydroxide  ;  hydrolysis  took  place  very  rapidly,  the  liquid 
becoming  almost  solid,  owing  to  the  separation  of  insoluble  barium, 
tetramethylenetetracarboxylate.  After  heating  for  two  hours,  the  mix- 
ture was  vigorously  boiled  on  a  sand  bath  for  half  an  hour,  and  the  pre- 
cipitated sandy  barium  salt  collected  by  aid  of  the  pump,  and  washed 
well  with  hot  water.  The  barium  salt  was  then  stirred  up  with  a 
quantity  of  boiling  water  and  exactly  decomposed  by  dilute  sulphuric 
acid,  great  care  being  taken  that  no  trace  of  sulphuric  acid  was  left 
in  the  product,  as  otherwise  charring  would  take  place  during  the 
subsequent  purification  of  the  anhydride  of  tetramethylenedicarb 
oxylic  acid  (p.  582)  by  distillation. 

The  filtrate  from  the  barium  sulphate  was  evaporated  to  a  small 
bulk  on  a  water  bath  and  allowed  to  stand,  when,  after  some  days, 
beautiful  colourless  crystals  of  nearly  'pure  tetramethylenetetracarb- 
oxylic acid  separated.  These  were  collected  by  aid  of  the  pump, 
drained  on  a  porous  tile,  dissolved  in  a  small  quantity  of  water, 
and  the  solution  allowed  to  concentrate  over  sulphuric  acid  in  a 
vacuum. 

The  magnificent  glistening  crystals  which  formed  were  collected 
and  exposed  to  the  air  for  some  days  ;  they  then  contained  two  mole- 
cules of  water  of  crystallisation. 


581  PERKIN:   THD  CIS-  AND  TRANS-MODIFICATIONS 

Found. 


Theory. 


( ^  J.i_n^iJ. 

I.  II.  C8H808  +  2H20. 

H2O 13-50        13-58  13'43 

These  crystals  lose  their  water  of  crystallisation  rapidly  at  100°, 
and  more  slowly  in  a  desiccator  over  sulphuric  acid  in  a  vacuum, 
becoming  quite  opaque.  For  analysis  the  substance  was  dried  at  100°. 

Theory. 
Found.  C8H8O8. 

C 41-38  per  cent.          41'38  per  cent. 

H 3-60         „  3-45 

When  heated  rapidly  in  a  capillary  tube,  tetramethylenetetracarb- 
oxylic  acid  decomposes  at  about  198 — 203°  with  evolution  of  carbonic 
anhydride,  and  formation  of  tetramethylenedicarboxylic  acid  (or  its 
anhydride),  but  small  quantities  of  impurity  and  also  the  rapidity  of 
heating  very  much  influence  the  observed  decomposing  point ;  the 
temperature  145 — 150°,  previously  given  (loc.  cit.,  p.  22),  is  certainly 
much  too  low. 

It  dissolves  very  readily  in  water,  alcohol,  and  ether,  and  behaves 
in  all  respects  like  a  saturated  acid.  Its  solution  in  sodium  carbonate 
does  not  decolorise  permanganate,  even  on  long  standing. 

The  silver  salt  of  tetramethylenetetracarboxylic  acid  was  obtained 
as  a  white,  amorphous  precipitate  on  adding  silver  nitrate  to  a  faintly 
alkaline  solution  of  the  ammonium  salt;  it  was  collected,  washed 
well  with  water,  and  dried  over  sulphuric  acid  in  a  vacuum.  This 
salt  decomposes  very  suddenly  when  heated,  leaving  a  voluminous 
mass  of  spongy  silver.  For  combustion  it  was  intimately  mixed  with 
finely  divided  copper  oxide,  and  the  silver  was  determined  in  the  wet 
way  by  Carius'  method. 

Theory. 
Found.]  C8H4Ag408. 

C 14'36  per  cent.          14- 54  per  cent. 

H 0-82         „  0-60 

Ag    65-40        „  65-45 

The  neutral  solution  of  the  ammonium  salts  shows  the  following 
behaviour  with  reagents : — Lead  acetate,  a  white,  amorphous  precipi- 
tate ;  barium  nitrate,  a  white,  gelatinous  precipitate  ;  calcium  chloride, 
no  precipitate  ;  copper  sulphate,  no  immediate  precipitate ;  but  on 
standing  the  copper  salt  gradually  separates  as  a  light  blue  pre- 
cipitate— 

PITT  .(^TT.r^r~) 

Cis-Tetramethylenedicarboxylic  anhydride,   \     2  I  >O. 

0x12"  CM' GO 

This  may  be  readily  obtained  from  the  crude  tetramethylenetetra- 
carboxylic acid  prepared  as  described  above.  For  this  purpose  the 
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filtrate  from  the  barium  sulphate  is  evaporated  to  dryness,  and  the 
syrupy  mass  thus  obtained  is  heated  in  an  oil  bath  at  200°  until  the 
evolution  of  carbonic  anhydride  has  ceased  ;  the  dark  brown  residue 
is  then  digested  with  three  times  its  volume  of  acetyl  chloride  for 
two  hours,  the  excess  of  acetyl  chloride  and  acetic  acid  distilled  off, 
and  the  crude  tetramethylenedicarboxylic  anhydride  purified  by  frac- 
tionation  under  reduced  pressure  (160  mm.).  If  the  product  is  free 
from  adipic  acid  (arising  from  the  decomposition  of  butanetetracarb- 
oxylic  acid  present  in  the  crude  tetramethylenetetracarboxylic  acid, 
loc.  cit.,  p.  20)  the  whole  distils,  after  twice  fractioning,  between 
210  —  212°  as  a  colourless  oil,  which  solidifies  completely  on  cooling, 
and  consists  of  pure  tetramethylenedicarboxylic  anhydride.  This 
substance  is  difficult  to  burn,  and  requires  a  very  hot  tube,  the  com- 
bustion being  conducted  very  slowly.  The  following  results  were 
obtained. 

Found. 

--  »  ---  Theory. 

I.                II.  C6H603- 

C  ..........      57-15         57-10  per  cent.  5714  per  cent. 

H  ..........       5-03          4-89        „  4-76        „ 

It  is  difficult  to  decide  what  the  correct  melting  point  of  this  an- 
hydride is.  Using  the  products  from  different  preparations,  it  was  ob- 
served on  several  occasions,  that  when  the  melted  substance  is  stirred 
with  a  thermometer  as  the  mass  gradually  solidifies,  the  temperature 
remains  constant  at  71°.  If,  however,  a  strong  solution  of  this  an- 
hydride in  acetyl  chloride  is  allowed  to  slowly  evaporate  over  potash, 
beautiful,  colourless  crystals  are  deposited,  which  melt  at  about  77°, 
this  then  probably  represents  the  correct  melting  point  of  the  sub- 
stance, and  agrees  closely  with  that  previously  found  (76  —  78°). 
When  melted  on  a  watch  glass,  the  anhydride  gives  off  vapours  which 
are  very  irritating  to  the  throat  and  produce  violent  coughing  ;  it 
distils,  under  ordinary  pressures,  almost  without  decomposition,  at 
about  270—273°. 

The  pure  anhydride  dissolves  only  very  slowly  in  cold  water,  but 
readily  on  warming,  with  formation  of  c^s-tetramethylenedicarboxylic 
acid.  It  is  readily  soluble  in  alcohol  and  ether. 

H    COOH 


Cis-Tetramethi/lenedicarboxylic  acid,    i      2  i 

CH2-C 

/\ 
H     COOH 

When  tetramethylenedicarboxylic  anhydride  is  dissolved  in  a  little 
boiling  water,  and  the  solution  allowed  to  concentrate  over  sulphuric 


583  PERKIN:   THE  CIS-  AND  TRANS-MODIFICATIONS 

acid  in  a  vacuum,  c*s-tetramethylenedicarboxylic  acid  gradually 
crystallises  in  magnificent  transparent  plates.  These  were  freed  as 
far  as  possible  from  the  thick  mother  liquor  by  filtration  on  a  pump, 
drained  on  a  porous  tile,  and  recrystallised  from  a  small  quantity  of 
water,  or  from  hydrochloric  acid.  For  analysis,  the  substance  was 

dried  at  100°. 

Found. 

* Theory. 

I.  II.  C4H6(COOH)2. 

C 49-91         50-05  per  cent.  SO'OO  per  cent. 

H 5-62          5-70       „  5-56 

This  acid  melts  at  137 — 138°  and  not  at  130°  as  previously 
stated;  it  is  very  readily  soluble  in  water,  but  much  more  spar- 
ingly in  concentrated  hydrochloric  acid,  from  which  it  crystallises 
well.  The  dissociation  constant  for  the  electric  conductivity  of  this 
acid  was  kindly  determined  by  Dr.  Walker,  who  obtained  the  result 
K  =  0'0066 ;  this  value  is  identical  with  that  for  succinic  acid,  and 
very  much  lower  than  that  of  the  corresponding  cis-pentamethylene- 
dicarboxylic  acid  (K  =  0'0158). 

Tetramethylenedicarboxylic  acid  has  all  the  properties  of  a  satu- 
rated acid ;  its  solution  in  sodium  carbonate  does  not  decolorise  per- 
manganate, even  on  long  standing,  and,  on  boiling,  action  only  takes 
place  very  slowly. 

When  treated  with  bromine  and  amorphous  phosphorus  it  readily 
yields  dibromotetramethylenedicarboxylic  acid,  thus — 
CH2-CH-COOH  CH2-CBr-COOH 

4H.-iH.OOOH  +  2Br*  =  CH..6BP.COOH 
a  decomposition  which  is  at   the    present  time    being  carefully  in- 
vestigated. 

Methylic  Salt  of  Cis-  Tetramethylenedicarboxylic  acid. — In  preparing 
large  quantities  of  cis-tetramethylenedicarboxylic  acid,  the  method 
usually  employed  was  to  heat  the  crude  tetrabasic  acid  at  200°  until 
carbonic  anhydride  ceased  to  be  evolved,  and  then  to  dissolve  the 
dark-brown  residue  in  methyl  alcohol  and  by  the  addition  of  sul- 
phuric acid,  or  by  saturating  with  hydrogen  chloride,  to  convert  the 
whole  into  the  methylic  salt.  After  two  days,  the  product  was  poured 
into  water,  the  oil  which  separated  extracted  with  ether,  the  ethereal 
solution  washed  well  with  water  and  dilute  sodium  carbonate  solu- 
tion, dried  over  calcium  chloride,  and  the  ether  distilled  off.  The 
residual  oil  on  fractionation  under  reduced  pressure  (80 — 100  mm.) 
distilled  fairly  constantly  at  about  185°. 

Theory. 
Found.  C4H6(COOCH3)2. 

C 55*48  per  cent.          55'81  per  cent. 

H 7-11  6-98 
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Methylic  cis-tetramethylenedicarboxylate  is  a  colourless,  pleasant 
smelling  oil,  which  distils  with  very  slight  decomposition  under 
ordinary  pressures  at  about  225°;  the  corresponding  ethylic  salt  has 
already  been  described  (Trans.,  1887,  51,  23),  and  boils  at  238—242° 
(720mm.). 

C^'s-tetramethylenedicarboxylic  acid  is  prepared  from  the  methylic 
salt  by  digesting  it  with  an  excess  of  alcoholic  potash  for  one  hour  ;  the 
product  is  dissolved  in  water,  evaporated  till  free  from  alcohol,  acidi- 
fied, and  the  clear  solution  extracted  three  times  with  pure  ether. 
The  ethereal  solution,  after  drying  over  calcium  chloride,  deposits 
the  acid  as  a  colourless  oil,  which  solidifies  completely  on  cooling, 
and  may  then  be  purified  by  recrystallisation  from  hydrochloric  acid. 

fTT  •OTT*f  O^"FT 

Diamide  of  Tetramethylenedicarloxylic  acid,    I     2  I       ^-.t^2-  This 

O.hL.j'L'.ti'GU.N  JJ.2 

substance  is  very  readily  prepared  by  leaving  the  methylic  salt  of 
the  acid  in  contact  with  concentrated  aqueous  ammonia  :  after 
standing  for  24  hours,  the  aqueous  layer  is  decanted  from  the  crys- 
talline cake  which  has  formed,  and  the  latter  is  purified  by  recrystal- 
lisation from  water.  The  diamide  separates  from  its  hot,  concentrated, 
aqueous  solution,  on  cooling,  in  magnificent,  colourless,  transparent 
prisms,  which  are  readily  soluble  in  hot  water  and  alcohol,  but  only 
sparingly  in  these  solvents  in  the  cold  ;  it  melts  at  about  228°,  and 
when  strongly  heated,  gives  off  ammonia,  and  a  crystalline  substance 
distils  which  is  probably  the  corresponding  imide. 
Analysis. 

Theory. 
Found.  C6H10O2N2 

NY  .........      19-79  per  cent.  1970  per  cent, 

Phenylimide  of  Tetramethylenedicarboxylic  acid, 
CH2-CH-CO 


is  readily  prepared  by  heating  a  mixture  of  the  anhydride  of  the  acid 
with  excess  of  pure  aniline  for  about  10  minutes  to  boiling.     The 
product  is  poured  into  a  large  volume  of  dilute  hydrochloric  acid,  to 
remove    excess  of    aniline,    and    the    solid   mass  which   separates  is 
collected,  washed  with  water,  and  recrystallised  first  from  50  per  cent. 
alcohol,  and  then  from  methyl  alcohol.     The  magnificent  glistening 
needles  thus  obtained  were   dried  at  100°   and   analysed  with   the 
following  result. 

Found. 

Theory. 

I.  II.  C12HUNO2. 

C  ..........      7174  -percent.          71  '64  per  cent. 

H  ..........        575  „  5-47       „ 

N,,  6-45        677  6-96 
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This  substance  is  formed  according  to  the  equation 

CH2-CH-CO  _  CH2-CH-CO 

CH2.CH-CO>0  +  °6H6  NH2  ~  CH,CH.CO>1 

It  melts  at  127°,  and  crystallises  so  readily  that  it  serves  as  a  valuable 
means  of  identifying  tetramethylenedicarboxylic  acid.  It  is  easily 
soluble  in  methyl  and  ethyl  alcohol  and  in  benzene,  very  sparingly 
in  light  petroleum  and  cold  water  ;  hot  water,  however,  dissolves  it 
more  readily,  and,  on  cooling,  deposits  it  in  magnificent  glistening 
needles.  It  also  crystallises  well  from  a  mixture  of  benzene  and  light 
petroleum,  or  from  50  per  cent,  alcohol.  When  heated  in  small 
quantities  in  a  test-tube  it  distils  without  decomposition. 

HOOC   H 
\/ 

Trans-TetrametJiylenedicarloxylic  acid.      V    2  i 

CH2-C 


H    COOH 

This  interesting  acid  was  obtained  by  heating  cis-tetramethylene- 
dicarboxylic  acid  with  concentrated  hydrochloric  acid  for  3  —  4  hours 
at  190°  ;  the  product,  which  contained  crystals,  and  also  some  specks 
of  carbon,  was  heated  to  boiling  to  dissolve  the  crystals,  filtered,  and 
the  filtrate  evaporated  to  a  small  bulk,  and  allowed  to  stand  for 
24  hours  ;  the  crystals,  which  had  separated,  were  then  collected  and 
recrystallised  3  or  4  times  from  hydrochloric  acid  with  the  addition 
of  animal  charcoal.  In  this  way,  the  pure  trans-acid,  was  obtained 
in  beautiful,  colourless  needles,  which,  after  drying  at  100°,  gave 
the  following  results  on  analysis. 

Found.  Theory. 

C  ..........      49-82  per  cent.          50-00  per  cent. 

H  ..........       5-57        „  5-56 

Trcms-tetramethylenedicarboxylic  acid  melts  at  131°,  or  about  7° 
lower  than  the  ci's-modification,  from  which  it  differs  in  a  marked 
manner  in  many  important  particulars. 

The  c^s-acid  is  very  readily  converted  into  an  anhydride.  It  is  only 
necessary  to  boil  it  with  acetyl  chloride  for  five  minutes  to  completely 
convert  it  into  its  anhydride,  which  is  deposited  in  beautiful  crystals, 
melting  at  about  75°,  when  the  excess  of  acetyl  chloride  is  allowed  to 
evaporate  over  potash  in  a  vacuum  desiccator. 

Under  exactly  similar  conditions,  the  ^raws-acid  remains  quite 
•unacted  on,  and,  even  when  heated  at  160°  with  excess  of  acetyl 
chloride,  in  a  sealed  tube  for  one  hour,  no  anhydride  appears  to  be 
formed,  as  was  shown  by  the  fact  that  the  crystals  which  separated 
as  the  acetyl  chloride  evaporated  melted  at  127  —  129°,  and  were  very 
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readily  soluble  in  water.     An  analysis  showed  that  these  crystals 
consisted  of  unchanged  acid. 

Theory. 
Found.  C4H6(COOH)2. 

C 49-61  per  cent.  50'00  per  cent. 

H 572        „  5-56 

When,  however,  £nws-tetramethyleiiedicarboxylic  acid  is  repeatedly 
distilled  under  ordinary  pressures,  elimination  of  water  does  gradually 
take  place,  and,  after  four  distillations,  the  product  has  the  appear- 
ance of  the  anhydride  of  the  c^s-acid  ;  it  melts  for  the  most  part  at 
70°,  but  a  small  quantity  is  always  left  which  does  not  melt  until  a 
higher  temperature  ;  this  experiment  therefore  seems  to  show  that 
£rems-tetramethylenedicarboxylic  acid  on  distillation  is  converted 
partially  into  the  anhydride  of  the  cis-acid. 

Dr.  Walker  also  found  that  the  cis-  and  £r«ms-acids  had  very 
different  dissociation  constants,  for  the  cis -acid  (m.  p.  138°) 
K  =  O0066,  whereas  in  the  case  of  the  £rcms-acid  (m.  p.  130 — 131°) 
the  constant  found  was  K  =  O0028. 

HOOC    H 
\/ 

nTT  .p 

Trans-PentametTiylenedicarloxylic  acid,  CH2<       2  I 

CH2*G  • 

/\ 

H    COOH 

In  investigating  this  acid,  it  was  found  that  the  method  of  prepar- 
ing it  previously  adopted  (Trans.,  1887,  51,  244)  was  not  altogether 
satisfactory,  the  purification  of  the  crude  product  by  conversion  into 
the  ethylic  salt  as  there  described  being  attended  with  unnecessary 
loss  of  time  and  material. 

After  many  experiments,  the  best  yield  of  acid  was  obtained  by 
modifying  the  process  in  the  following  way.  The  crude  ethylic 
pentamethylenetetracarboxylate,  obtained  by  the  action  of  bromine 
on  the  disodium  compound  of  ethylic  pentanetetracarboxylate,  was 
dissolved  in  glacial  acetic  acid  (2 — 3  vols.),  concentrated  sulphuric 
acid  (1  vol.)  and  water  (1  vol.)  added,  and  the  whole  heated  in  a 
reflux  apparatus  for  about  two  days,  until  hydrolysis  was  complete 
as  shown  by  the  fact  that  a  drop  of  the  liquid  dissolved  in  much 
water  form  a  clear  solution. 

A  rapid  current  of  steam  was  then  passed  into  the  boiling- 
brownish  liquid  until  the  odour  of  acetic  acid  was  no  longer  ap- 
parent, and  the  product  allowed  to  remain  for  two  days  in  a  cool 
place.  At  the  end  of  this  time,  the  brownish,  crystalline  crust  which 
had  separated  was  collected,  washed  with  a  little  water,  and  purified 
by  crystallisation  from  water  with  the  aid  of  animal  charcoal.  Pure 
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fraws-pentamethylenedicarboxylic  acid  was  thus  readily  obtained  as 
a  colourless,  sandy,  crystalline  powder,  which,  after  drying  at  100°, 
melted  at  160°  and  gave  the  following  results  on  analysis. 

Theory. 

Found.  C5H8(COOH)2. 

C  ........   53'10  per  cent.      53'  16  per  cent. 

H  ........   6-37    „         6-33 

The  dark-coloured  mother  liquors  separated  from  the  crystalline 
acid,  if  extracted  with  ether,  yield  a  further  quantity  of  crude 
acid,  which  is,  however,  somewhat  difficult  to  purify,  and  is  best 
employed  in  the  preparation  of  the  anhydride  of  the  cis-acid  (see 
below). 

The  hydrolysis  of  ethylic  pentamethylenetetracarboxylate  by  the 
above  method  is  attended  with  the  loss  of  2  mols.  of  carbonic 
anhydride,  and  the  direct  formation  of  ^raws-pentamethylenedicarb- 
oxylic  acid. 

CH2-C(COOC2H5)2  CH2-CH-COOH 

CH2<CH,C(COOC2H5)2  +  4H2°  =  CH2<CH,6H.COOH 

+  2C02  +  4C2H6-OH. 

The  yield  of  acid  obtained  in  this  way  is  certainly  better  than  that 
previously  obtained,  and,  as  the  operation  takes  less  time,  it  was 
adopted  in  preparing  the  acid  required  for  this  research. 

The  properties  of  tfrcms-pentamethylenedicarboxylic  acid  have 
already  been  given  (Trans.,  1887,  51,  246)  ;  in  addition,  it  should  be 
mentioned  that  the  solution  of  the  acid  in  sodium  carbonate  does  not 
decolorise  permanganate  in  the  cold,  and  only  very  slowly  on  boiling 
the  behaviour  of  the  acid  when  treated  with  bromine  and  phosphorus 
is  being  investigated. 

Anhydride  of  Cis-Pentamethylenedicarboxylic  acid, 
CHS-CH-CO 


In  view  of  Baeyer's  suggestion  (Annalen,  257,  179),  that  trans- 
pentamethylenedicarboxylic  acid  should  yield  an  anhydride  isomeric 
with,  and  readily  convertible  into,  the  anhydride  of  the  cis-acid, 
very  careful  experiments  on  the  action  of  acetyl  chloride  on  this  acid 
were  made  with  the  following  results. 

The  acid  was  somewhat  sparingly  soluble  in  cold  acetyl  chloride,  but 
dissolved  readily  on  warming  ;  the  solution  was  heated  to  boiling  in 
a  reflux  apparatus  for  half  an  hour,  but  no  formation  of  anhydride 
took  place,  and  on  distilling  off  the  bulk  of  the  acetyl  chloride  and 
allowing  the  solution  to  stand  over  potash  under  reduced  pressure, 
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the  unchanged  acid  crystallised  out  in  nodular  masses  melting  at 
155—158°. 

A  second  experiment,  in  which  the  solution  of  the  acid  in  acetyl 
chloride  was  heated  at  100°  in  a  sealed  tube  for  one  hour,  gave  a 
similar  result,  as  is  shown  by  an  analysis  of  the  crystals  melting  at 
154 — 156°,  which  were  obtained  by  allowing  the  product  to  evaporate 

over  potash  in  a  desiccator. 

Theory. 
Found.  C5H8(COOH)2. 

C 52'51  per  cent.  53'16  per  cent. 

H 6-45        „  6-33 

In  the  next  experiment,  the  acid  was  heated  in  a  sealed  tube 
with  a  large  excess  of  acetyl  chloride  at  140°  for  about  one  hour. 
On  opening  the  tube,  considerable  pressure  was  observed,  and  the 
almost  colourless  liquid,  on  evaporation,  deposited  a  thick  oil ;  this 
on  standing  over  potash  for  a  few  days,  deposited  a  quantity  of 
colourless  crystals  which  were  collected  by  the  aid  of  the  pump,  and 
freed  from  adhering  mother  liquor  by  placing  them  on  a  porous  tile. 
They  melted  at  70 — 72°,  and  consisted  of  the  anhydride  of  the  cis-acid 
(see  below). 

In  order  to  be  sure  that  the  isomeric  anhydride  of  the  /raws-acid 
was  not  contained  in  the  mother  liquors  from  these  crystals,  the 
thick,  somewhat  dark-coloured,  filtrate,  was  dissolved  in  warm  dilute 
potash,  the  solution  filtered,  acidified,  and  allowed  to  stand  in  a  cool 
place.  The  beautiful  colourless  crystals  which  separated  melted  at 
140 — 141°,  and  consisted  of  pure  cts-pentamethylenedicarboxylic  acid, 
110  trace  of  the  trans-a,cid  being  present.  It  appears  certain,  there- 
fore, that  no  anhydride  of  the  trans-acid  is  formed  under  the  condi- 
tions observed  in  the  above  experiments. 

The  best  method  of  preparing  the  anhydride  of  cis-pentamethylene- 
dicarboxylic  acid  in  quantity  is  to  digest  the  crude  trans-acid, 
obtained  as  explained  on  p.  587,  with  acetic  anhydride  for  two  hours, 
and  then  to  fraction  the  product  under  reduced  pressure  (160  mm.). 
After  two  distillations,  the  whole  passes  over  at  about  220°  as  an 
almost  colourless  oil,  which,  on  cooling,  sets  to  a  semi-solid  gelatinous 
mass ;  this,  after  a  time,  gradually  becomes  crystalline.  Although 
this  substance  distils  at  a  constant  temperature,  it  is  not  quite  pure, 
but  contains,  apparently,  small  quantities  of  unchanged  acid,  as  the 
following  analysis  shows. 

Theory. 

Found.  C^H8C2O3.        C5H8(COOH)2! 

C 58-91  per  cent.         60'00  53'16  per  cent. 

H 6-22        „  5-71  6-33       „ 

If,  however,  it  is  dissolved  in  twice  its  volume  of  acetic  anhydride, 

c 
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and  the  solvent  allowed  to  evaporate  gradually  over  potash  under 
reduced  pressure,  the  pure  anhydride  separates  in  magnificent,  hard, 
colourless,  tabular  prisms  ;  these  were  collected,  washed  with  a  little 
acetic  anhydride,  and  analysed. 

Found. 

( A ^  Theory. 

I.  II.  C5H8C203. 

C 59-95         59-96  per  cent.  60-00  per  cent. 

H 5-98          6-12        „  5-71 

The  anhydride  of  c^s-pentamethylenedicarboxylic  acid  melts  at 
about  73°  to  a  colourless  oil,  which,  on  cooling,  sets  to  a  semi-trans- 
parent gelatinous  mass  of  about  the  consistency  of  paraffin  wax. 
When  rubbed  with  a  glass  rod,  or  touched  with  a  crystal  of  the 
anhydride,  it  gradually  crystallises  in  a  very  characteristic  manner, 
and  it  is  interesting  to  note  that  the  anhydride  of  cis-hexahydro- 
phthalic  acid  behaves  in  a  similar  way  when  melted  and  allowed  to 
solidify  (Baeyer,  Annalen,  258,  219). 

The  anhydride  of  cw-pentamethylenedicarboxylic  acid  is  insoluble 
in  and  only  very  slowly  attacked  by  cold  water,  but  it  dissolves 
readily  on  boiling,  and  on  cooling,  if  the  solution  be  sufficiently  con- 
centrated,, the  c^s-acid  separates  in  beautiful,  glistening  needles.  The 
anhydride  is  readily  soluble  in  ether,  alcohol,  or  benzene,  but  only 
sparingly  in  light  petroleum. 

In  the  previous  paper  on  pentamethylenedicarboxylic  acid  (Trans., 
1887,  51,  248),  it  was  mentioned  that  this  acid,  if  heated  at  300°  and 
subsequently  distilled,  yielded  an  anhydride  melting  at  64 — 6  7°.  This 
observation  is  correct,  but  the  substance,  after  recrystallisation  from 
acetic  anhydride,  melts  at  72 — 73°. 

Phenylimide  of  Pentamethylenedicarboxylic  acid,  C5H8<^Q>N'C6H5. 

In  order  to  prepare  this  substance,  the  anhydride  of  cis-penta- 
methylenedicarboxylic  acid  was  heated  to  boiling  with  excess  of 
aniline  for  about  15  minutes,  the  product  poured  into  water,  excess 
of  dilute  hydrochloric  acid  added,  and  the  whole  well  stirred  until 
the  oily  drops  had  completely  solidified.  The  brownish  product  was 
readily  purified  by  recrystallisatiou  once  from  dilute  methyl  alcohol, 
and  twice  from  a  mixture  of  benzene  and  light  petroleum. 

Theory. 

Found.  CjaH^NO;,. 

N 6-90  per  cent.  6'51  per  cent. 

This  phenylimide  is  sparingly  soluble  in  cold  water,  more  readily 
in  hot,  crystallising  from  the  solution  as  it  cools  in  magnificent, 
glistening  needles,  which  melt  at  89°.  It  dissolves  readily  in  alcohol, 
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benzene,  and  acetic  acid,  but  is  only  sparingly  soluble  in  light 
petroleum.  When  rapidly  heated  in  small  quantities,  it  distils  with- 
out decomposition,  the  distillate  solidifying  to  hard,  transparent 
balls,  which  remain  in  this  condition  sometimes  for  days,  but  crystal- 
lise at  once  when  touched  with  a  crystal  of  the  substance. 

H    COOH 
\/ 
CH  'C1 

Cis-Pentamethylenedicarboxylic  acid,  CH2<C^    *  JL 

Oxi-a'Cy 

/\ 
H    COOH 

In  order  to  prepare  this  acid,  the  anhydride  just  described  was 
dissolved  in  dilute  potash,  and  the  concentrated  solution  acidified 
and  allowed  to  stand  ;  the  long,  needle-shaped  crystals  which  sepa- 
rated were  then  collected,  and  recrystallised  twice  from  water. 

The  analysis  of  the  pare  substance,  dried  at  100°,  gave  the  follow- 
ing results. 

Found. 

f *- >  Theory. 

I.  II.  ,         C5H8(COOH)2. 

C 53-04         53-10  per  cent.         53-16  per  cent. 

H 6-42          6-40         „  6-33 

C^'s-pentamethylenedicarboxylic  acid  melts  at  140°,  and  is,  at  this 
temperature,  gradually  converted  into  its  anhydride  with  loss  of 
water,  the  change  taking  place  very  rapidly  at  150 — 160°. 

It  is  much  more  readily  soluble  in  water  than  the  ^raws-modifica- 
tion, and  crystallises  from  the  hot  concentrated  solution  in  beautiful, 
colourless  needles,  whereas  the  trans-acid  is  deposited  in  the  form  of 
a  sandy,  crystalline  powder,  the  difference  in  appearance  being,  in 
fact,  very  much  the  same  as  in  the  case  of  maleic  and  fumaric  acids. 

The  els-acid  is  readily  soluble  in  acetyl  chloride,  and,  on  heating  the 
solution  at  100°,  it  seems  to  be  quantitatively  converted  into  its 
anhydride,  which  crystallises  in  plates  when  the  product  is  allowed 
to  evaporate  over  potash  in  a  vacuum. 

The  cis-acid  may  be  readily  converted  into  the  trans-acid  by  heating 
it  with  hydrochloric  acid  at  180°  for  two  hours;  the  sealed  tube  in 
which  the  experiment  was  conducted  was  found  to  be  filled  with  hard 
crystals,  somewhat  discoloured  by  specks  of  charcoal.  The  contents 
of  the  tube  were  warmed  with  water  until  the  crystals  had  completely 
dissolved,  and  the  solution  filtered ;  on  standing,  the  pure  trans-acid 
was  deposited  as  a  sandy  powder,  which,  after  recrystallisation, 
melted  at  160°,  and,  on  analysis,  gave  the  following  results. 

Theory. 
Found.  C5H8(COOH)2. 

C  .    53'21  per  cent.  53'16  per  cent. 

H..  6-36  6-33 
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As  far  as  could  be  judged  from  a  small  experiment,  the  conversion 
of  the  cis-  into  the  ^raws-modification  by  heating  with  hydrochloric 
acid  was  complete. 

Chemical  Laboratory, 

Owens  College, 

Manchester. 
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1  :  2-Pentamethylenedicarboxylic  acid. 
By  E.  HAWORTH,  B.Sc.,  and  W.  H.  PERKIN,  jun. 

THE  anhydride  of  ces-pentamethylenedicarboxylic  acid  behaves 
towards  bromine,  in  the  presence  of  phosphorus,  in  a  manner  similar 
to  the  anhydride  of  c^-tetramethylenedicarboxylic  acid  (see  preceding 
paper),  the  principal  product  of  the  action  being  dibromopentamethyl- 
enedicarboxylic  acid, 

CHS-CH-COOH  _  CHs-CBr-COOH 

'H2<CH2-CH-COOH  +  '  'H2<CH8-CBr.COOH  + 


t> 
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but  the  yield  of  this  acid  is  comparatively  small,  as  much  carbon- 
aceous matter  is  produced  during  the  bromination  and  during  the 
subsequent  purification  of  the  substance  by  recrystallisation  from 
hydrobromic  acid. 

This  tendency  to  decompose  into  carbon  and  hydrogen  bromide, 
when  heated  with  bromine,  has  been  previously  observed  in  the  case 
of  pentamethylenedicarboxylic  acid  (Trans.,  1887,  51,  247),  and  may 
possibly  be  characteristic  of  pentamethylene  derivatives  ;  in  the  ex- 
periment referred  to  here,  the  pure  bibasic  acid  was  heated  with 
bromine  water  at  180°  for  four  hours,  at  the  end  of  which  time  it  had 
completely  decomposed  into  carbon  and  hydrogen  bromide. 

Dibromopentamethylenedicarboxylic  acid  is  a  colourless,  crystalline 
substance,  which  melts  at  183  —  184°  ;  it  cannot  be  distilled,  and  all 
attempts  to  obtain  an  anhydride  with  the  aid  of  acetyl  chloride,  &c., 
failed,  owing  to  the  instability  of  the  acid  ;  when  treated  with  alkalis, 
it  is  readily  decomposed  with  formation  of  bromodihydropentenecarb- 
oxylic  acid,  thus  — 

CH2-CBr-COOH 


just  as  under  similar  conditions  dibromotetramethylenedicarboxylic 
acid  yields  bromodihydrotetrenecarboxylic  acid. 

This  new  acid  crystallises  from  water  in  needles,  melts  at  about 
130°,  and,  in  contact  with  bromine  vapour,  is  rapidly  converted  into 

tribromopentamethylenecarboxylic  acid, 


<-  4-Br     - 

°  4 


CH2-C-COOH 

ViJiydropentenedicarboxylic  acid  is  produced  when  methylic  di- 
bromopentamethylenedicarboxylate  is  digested  with  potassium  iodide 
in  alcoholic  solution,  and  the  product  hydrolysed  with  potash. 

CH  ^OHa-OBr-COOCH,      2KI_rH     CH2.(>COOCH3 
<CH2.CBr-COOCH3  4  'H2<CH2.C-COOCH3 

+  I2  +  2KBr. 


CH  ^.*  +  9H  O  -  TH  ^CH,-C-OOOH 
-  +  2H*°  -  (  /H2<CH2.C-COOH 


2CH3-OH. 

It  crystallises  in  colourless  prisms,  melts  at  178°,  and  is  much  less 
readily  converted  into  an  anhydride  than  the  corresponding  dihydro- 
tetrenedicarboxylic  acid,  from  which  it  also  differs  in  that  it  is 
converted  by  contact  with  bromine  vapour  into  dibromopenta- 
methylenedicarboxylic  acid,  whereas  under  these  circumstances  the 
tetrene  acid  remains  unchanged. 
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Experiments  are  also  described  in  this  paper,  made  with  the  object 
of  preparing  the  anhydride  of  £raws-pentamethylenedicarboxylic  acid  ; 
as  this  anhydride  should,  according  to  Baeyer's  views  (Annalen,  257, 
179),  be  capable  of  existence,  and  should,  indeed,  be  as  readily 
produced  as  the  anhydride  of  fraws-hexahydrophthalic  acid.  As, 
however,  £raws-pentamethylenedicarboxylic  acid  is  not  appreciably 
acted  on  by  acetyl  chloride  at  100°  (this  vol.,  587),  and  at  140° 
yields  the  anhydride  of  the  cis-a,cid,  results  which  Baeyer  was  kind 
enough  to  confirm,  it  seemed  unlikely  that  the  trans -anhydride  could 
be  isolated  even  if  it  existed. 

However,  at  Baeyer's  suggestion,  we  systematically  studied  the 
action  of  acetic  anhydride  on  the  pure  trans-a.cid,  and  as  the  result  of 
a  large  number  of  experiments  we  find  that  the  almost  pure  ^raws- 
anhydride  is  formed  when  the  acid  is  digested  with  acetic  anhydride 
for  25  minutes  and  the  excess  of  acetic  anhydride  removed  by 
passing  a  current  of  dry  air  through  the  product  heated  at  120° 
under  20  mm.  pressure  ;  it  is  an  oil  which  contains  traces  of  the 
anhydride  of  the  m-acid,  into  which  it  is  completely  converted  by 
distillation. 

The  analogy  between  the  dimethylsuccinic  acids,  the  hexahydro- 
phthalic  acids,  and  the  pentamethylenedicarboxylic  acids  is  now  com- 
plete, the  only  remarkable  point  being  that  whereas  the  anhydrides 
of  the  ^raws-modifications  of  the  two  first-named  acids  are  so  easily 
formed,  ^raws-pentamethylenedicarboxylic  acid  can  only  be  converted 
into  its  anhydride  with  considerable  difficulty. 

/~1TT     ,  /"I  !!>„  (  f~^  Of^TT 

DibromopentamethylenedicarboxyUc  acid,  CH2<       2    I 

(u  H3  •  (J-t>r  •  O  (J  U-ti 

In  order  to  prepare  this  substance,  a's-pentamethylenedicarboxylic 
anhydride  (10  grams)  was  mixed  with  amorphous  phosphorus  (2 
grams),  dry  bromine  (60  grams)  gradually  added,  with  constant 
cooling,  and  the  whole  heated  in  a  reflux  apparatus  for  six  hours  to 
boiling  ;  torrents  of  hydrogen  bromide  were  given  off,  and  the  action 
appeared  to  proceed  in  much  the  same  way  as  in  the  case  of  the 
formation  of  dibromotetramethylenedicarboxylic  acid  (p.  966).  A 
further  quantity  of  bromine  (30  grams)  and  amorphous  phosphorous 
(1  gram)  was  then  added,  and  the  heating  continued  for  six  hours 
longer  ;  the  product,  after  being  freed  from  excess  of  bromine  by 
blowing  in  air,  was  poured  into  a  large  quantity  of  water,  care  being 
taken  to  keep  the  temperature  below  30°  by  cooling  with  water. 
After  about  an  hour,  the  heavy  oil  was  extracted  with  ether,  the 
ethereal  solution  filtered  from  a  considerable  quantity  of  carbonaceous 
matter,  washed  with  a  little  dilute  sodium  hydrogen  sulphite  solu- 
tion to  remove  the  last  traces  of  bromine,  dried  by  calcium  chloride, 
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evaporated,  and  the  dark-coloured,  oily  residue  allowed  to  stand  over 
sulphuric  acid  in  a  vacuum  for  about  a  week.  At  the  end  of  that 
time,  the  thick,  prismatic  crystals  which  had  separated  were  freed  as 
far  as  possible  from  the  dark,  oily,  mother  liquor  by  decantation, 
allowed  to  remain  in  contact  with  porous  porcelain  until  quite  colour- 
less, ground  up,  and  recrystallised  twice  from  fuming  hydrobromic 
acid. 

In  this  way,  colourless,  glistening  crystals  were  obtained,  which, 
after  drying  at  100°,  gave  the  following  results  on  analysis. 

Found. 

,  -  »  -  ^  Theory. 

I.  II.  C5H6Br2(COOH)2. 

C  ........      26-71         27-24  per  cent.  26'58  per  cent. 

H  ........        2-84          2-95       „  2'53 

Br  .......     50-21        49-69       „  5O63 

Dibromopentamethylenedicarboxylic  acid  melts  at  183  —  184°  with 
evolution  of  gas  ;  it  is  readily  soluble  in  warm  water,  alcohol,  and 
ether,  and  in  hot  concentrated  hydrochloric  or  hydrobromic  acids,  but 
only  sparingly  in  the  cold  acids.  In  general  properties,  it  resembles 
the  corresponding  dibromotetramethylenedicarboxylic  acid,  except 
that  it  is  less  stable  and  very  readily  carbonises  when  treated  with 
reagents  or  when  heated  ;  thus,  for  example,  all  attempts  to  prepare 
its  anhydride  by  distillation  under  diminished  pressure  failed,  owing 
to  the  acid  decomposing  into  a  carbonaceous  mass  with  evolution  of 
hydrogen  bromide  in  abundance.  When  heated  with  acetic  anhydride 
in  a  reflux  apparatus,  the  solution  rapidly  darkened  and  ultimately 
became  almost  black,  hydrogen  bromide  being  evolved  ;  on  distilling 
the  product  under  reduced  pressure  (20  mm.)  decomposition  set  in 
as  soon  as  the  acetic  anhydride  had  passed  over  ;  many  other  experi- 
ments were  made  with  the  object  of  preparing  the  anhydride,  bat  in 
no  case  could  a  crystalline  compound  be  isolated. 


Brovwdihydropentenecarboxylic  acid,  CH2<^^'  ~^m 

OH2'O  'COOK 

This  is  formed  when  alcoholic  potash  acts  on  dibromopenta- 
methylenedicarboxylic  acid.  The  pure  dibromo-acid  (5  grams)  was 
added  in  small  quantities  at  a  time  to  a  strong  boiling  solution  of 
pure  potash  (10  grams)  in  ethylic  alcohol  ;  a  vigorous  action  set  in, 
potassium  bromide  separated,  and  at  the  same  time  the  mass  became 
dark  coloured.  After  boiling  for  a  few  minutes,  using  a  reflux  con- 
denser, water  was  added,  the  dark  brown  solution,  filtered  from  small 
quantities  of  carbonaceous  matter,  was  acidified,  and  extracted  five 
times  with  ether  ;  the  ethereal  solution,  after  being  washed  well  with 
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water,  and  dried  over  calcium  chloride,  was  evaporated,  and  the  crys- 
talline residue  left  in  contact  with  porous  porcelain  for  some  hours 
until  free  from  oily  mother  liquor.  The  crude  residual  substance  was 
then  purified  by  repeated  recrystallisation  from  water  with  the  aid  of 
animal  charcoal,  and  the  colourless  crystals  analysed. 

Found. 

f  ---  *  --  >  Theory. 

I.  II.  C5H6Br-COOH. 

C  ........      38-15         38-02  per  cent.  37-69  per  cent. 

H  ........       4-08          3-94        „  3-66 

Br  .......     42-13        42-01        „  41-88 

Bromodihydropentenecarboxylic  acid  melts  at  about  130°,  but  softens 
a  few  degrees  lower,  and,  when  strongly  heated,  distils  without 
leaving  any  residue  and  apparently  without  undergoing  decomposi- 
tion ;  it  is  readily  soluble  in  alcohol,  ether,  benzene,  chloroform, 
formic  acid,  and  hot  water  or  light  petroleum,  but  only  sparingly  in 
the  two  latter  solvents  in  the  cold;  it  crystallises  best  from  hot 
water. 

The  solution  of  the  acid  in  dilute  sodium  carbonate  decolorises 
permanganate  rapidly. 

Bromodihydropentenecarboxylic  acid  is  apparently  not  the  only 
product  of  the  action  of  alcoholic  potash  on  dibromopentamethylene- 
dicarboxylic  acid,  but  the  other  substance  or  substances  present  in 
the  mother  liquor  of  this  acid  could  not  be  isolated  in  quantity  suffi- 
cient for  analysis. 


CH 

oi/Sz-TrilromopentamethylenecarboxyUc  acid,  CH2<       2    I      2 

0.0.2'  O-Dr' 

This  acid  is   formed   quantitatively  when   bromodihydropentene- 
carboxylic  acid  is  exposed  to  the  action  of  bromine  vapour. 

CH2.CBr  CH2-CBr2 

H2<CH2-C-COOH  H  H2 


0'5546  gram  of  pure  bromodihydropentenecarboxylic  acid  left  in 
contact  with  dry  bromine  vapour  for  24  hours,  and  then  freed  from 
excess  of  bromine  by  exposure  over  potash  in  a  vacuum,  had  gained 
0'481  gram  in  weight,  whereas,  in  the  formation  of  the  tribromo- 
acid,  according  to  the  above  equation,  theoretically  0'464  gram  of 
bromine  should  have  been  taken  up.  The  product  is  highly  unstable, 
but,  with  care,  it  may  be  recrystallised  from  formic  acid,  and  is  thus 
obtained  in  colourless  nodular  masses,  about  half  of  the  substance 
remaining  in  the  mother  liquor. 

The  pure  substance,  on  analysis,  gave  the  following  result. 

&  2 
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Theory. 


Found. 
68'04  per  cent.         68'37  per  cent. 


Tribromopentamethylenecarboxylic  acid  is  readily  soluble  in  ether 
and  alcohol,  but  only  sparingly  in  water,  formic  acid,  or  light  petro- 
leum ;  it  is  very  readily  decomposed  when  boiled  with  water,  hydrogen 
bromide  being  eliminated. 

The  freshly-prepared  solution  of  the  acid  in  cold  sodium  carbonate 
does  not  decolorise  permanganate  instantaneously,  but  oxidation 
takes  place  slowly  on  standing,  and  very  rapidly  if  the  solution  is 
warmed,  due  doubtless  to  the  gradual  decomposition  of  the  tribromo- 
acid  into  unsaturated  compounds. 

/"ITT  ,  / 

DiTiydropentenedicarloxylic  acid,  CH2<n    2 

OJ±2* 

In  order  to  prepare  this  beautiful  crystalline  substance,  the  following 
method  was  employed. 

The  crude  product  of  the  action  of  bromine  and  phosphorus  on 
pentamethylenedicarboxylic  acid,  after  removal  of  excess  of  bromine 
by  blowing  in  air  (p.  980),  was  treated  with  methylic  alcohol  ;  and 
as  soon  as  the  mixture  had  cooled  down  it  was  poured  into  water, 
and  the  crude  methylic  salt  which  separated  as  a  dark-coloured  heavy 
oil  extracted  with  ether.  The  ethereal  solution  was  washed  with 
dilute  sodium  carbonate  solution,  dried  over  anhydrous  potassium  car- 
bonate, filtered,  and  evaporated.  The  dark-  coloured,  oily  residue,  con- 
sisting of  crude  methylic  dibromopentamethyleneclicarboxylate,  did 
not  deposit  crystals,  even  after  standing  for  some  days  over  sulphuric 
acid  in  a  vacuum,  and  therefore  no  analysis  was  made. 

This  crude  methylic  salt  was  dissolved  in  alcohol,  a  large  excess  of 
powdered  potassium  iodide  added,  and  the  whole  heated  in  a  reflux 
apparatus  for  two  hours  ;  iodine  was  liberated  in  abundance,  and  the 
action  appeared  to  proceed  exactly  as  in  the  case  of  the  decomposi- 
tion of  methylic  dibromotetramethylenedicarboxylate  under  similar 
conditions  (p.  974).  To  the  product,  mixed  with  water,  sufficient 
dilute  sodium  hydrogen  sulphite  solution  was  added  to  remove  the  free 
iodine,  and  the  oily  methylic  salt  extracted  twice  with  ether;  the 
ethereal  solution  was  then  dried  over  calcium  chloride,  evaporated, 
and  the  residual,  oily,  ethereal  salt  at  once  converted  into  the  corre- 
sponding acid  by  hydrolysis  with  potash.  After  boiling  with  excess  of 
alcoholic  potash  for  about  five  minutes,  the  solution  was  diluted  with 
water,  evaporated  on  a  water  bath  till  free  from  alcohol,  acidified, 
and  extracted  15  times  with  ether  ;  the  dark,  crystalline  mass  which 
remained  after  distilling  off  the  ether  was  purified  by  recrystallisation, 
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first  from  water  with  the  aid  of  animal  charcoal,  and  then  from  ether. 

Analysis, 

Found. 

/ A >,  Theory. 

I.  II.  C5H6(COOH)2. 

C 53-90         53-77  per  cent.         53'84  per  cent. 

H 5-46          5-33        „  5'13 

Dihydropentenedicarboxylic  acid  crystallises  in  hard,  glistening, 
transparent  crystals,  and  melts  unaltered  at  about  178°;  it  is  readily 
soluble  in  hot  water,  alcohol,  acetic  acid,  and  acetic  anhydride, 
moderately  in  ether,  but  only  sparingly  in  benzene,  light  petroleum, 
and  cold  water.  It  is  a  strong  acid  ;  its  aqueous  solution  is  strongly 
acid  to  litmus,  and  even  thick  crystals  effervesce  vigorously  when 
brought  in  contact  with  sodium  carbonate  solution  ;  a  dilute  solution 
of  its  sodium  salt  decolorises  permanganate,  although  not  so  instan- 
taneously as  the  sodium  salts  of  many  other  unsaturated  acids.  In 
its  behaviour  towards  bromine  vapour,  this  acid  appears  to  differ  in 
a  very  marked  manner  from  the  corresponding  dihydrotetrenedicar- 
boxylic  acid  ;  a  small  quantity  of  the  former  was  exposed  to  dry 
bromine  vapour  under  a  bell-jar  during  two  days,  the  reddish- 
coloured  product  was  freed  from  bromine  over  potash  in  a  vacuum 
dessicator,  and  the  residue  recrystallised  from  hydrobromic  acid. 
The  crystals  obtained  melted  and  decomposed  at  180°,  and  as  they  con- 
tained bromine,  they  probably  consisted  of  dibromopentamethylene- 
dicarboxylic  acid  ;  unfortunately  the  identity  could  not  be  proved  by 
analysis,  owing  to  the  small  quantity  of  material  .at  our  disposal ; 
under  similar  conditions,  dihydrotetrenedicarboxylic  acid  remains 
unchanged. 

In  its  behaviour  when  heated,  dihydropentenedicarboxylic  acid 
differs  also  in  a  marked  manner  from  the  corresponding  tetrene 
derivative ;  the  latter,  on  distillation,  carbonises  and  is  entirely 
decomposed,  whereas  the  former,  if  rapidly  heated,  distils  without 
decomposition,  the  solid  distillate  melting  at  175 — 177°.  If,  how- 
ever, the  pentene  acid  be  heated  for  10  minutes  in  a  narrow  test- 
tube  in  such  a  way  that  the  distillate  constantly  runs  back,  and  the 
product  be  then  distilled,  an  oily  distillate  will  be  obtained  which,  on 
long  standing,  becomes  opaque  from  separation  of  a  small  quantity 
of  a  crystalline  substance,  and,  on  warming  with  water,  it  first  melts 
and  then  gradually  passes  into  solution.  On  standing  over  sulphuric 
acid  in  a  vacuum,  the  aqueous  solution  deposits  a  small  quantity  of 
dihydropentenedicarboxylic  acid,  and  the  filtrate  from  these  crystals, 
on  evaporation,  dries  up  to  a  gummy  residue,  which  resembles  the 
product  obtained  on  dissolving  the  anhydride  of  dihydrotetrenedi- 
carboxylic acid  in  water ;  it  could  not  be  analysed,  the  quantity  being 
insufficient. 
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Salts  of  Dihydropentenedicarboxylic  acid. 

Hydrogen  Silver  Salt,  COOH-C5H6-COOAg.— One  of  the  most 
characteristic  properties  of  dihydrotetrenedicarboxylic  acid  is  the 
tendency  which  it  shows  to  form  a  hydrogen  silver  salt,  and  this 
property  is  even  more  pronounced  in  the  case  of  dihydropentenedi- 
carboxylic  acid. 

The  pure  acid  was  dissolved  in  water,  the  solution  rendered 
slightly  alkaline  with  ammonia,  warmed  to  about  40°,  and  excess  of 
silver  nitrate  added,  when  a  white  precipitate  separated,  which  was 
collected,  washed  with  water,  and  dried  over  sulphuric  acid  in  a 
vacuum. 

When  heated  in  a  crucible,  this  salt  decomposes  suddenly  with 
formation  of  voluminous  threads  of  silver,  and  the  amount  of  silver 
contained  in  the  salt  was  found  to  be  only  44*3  per  cent.,  whereas  the 
neutral  salt,  C7H604Ag2,  would  contain  58'38  per  cent. ;  indeed,  this 
analysis  agrees  very  much  better  with  the  composition  of  the 
hydrogen  silver  salt,  C7H704Ag,  which  contains  41*08  per  cent,  of 
silver. 

The  mother  liquors  from  this  salt,  on  standing,  deposited  long, 
colourless  needles  which  in  appearance  closely  resemble  the  crystals 
of  the  hydrogen  silver  salt  of  dihydrotetrenedicarboxylic  acid.  They 
were  collected,  washed  with  water,  and  analysed  with  the  following 
result. 

Theory. 

Found.  C7H7O4Ag. 

Ag 41*41  per  cent.  41*08  per  cent. 

This  salt  is,  therefore,  evidently  the  hydrogen  silver  salt. 

A  neutral  solution  of  the  ammonium  salt  of  dihydropentenedi- 
carboxylic  acid  shows  the  following  behaviour  with  reagents. 

Lead  acetate  ;  a  white,  gelatinous  precipitate. 

Copper  sulphate  and  barium  nitrate  ;  no  precipitate. 

Calcium  chloride;  no  precipitate  at  first,  but,  on  standing,  the 
calcium  salt  separates  slowly  in  magnificent  four-sided,  glistening, 
tabular  crystals. 

Anhydride  of  Trans-pentamethylenedicarboxylic  acid. 

As  explained  in  the  introduction  to  this  paper,  considerable  in- 
terest attaches  to  the  preparation  of  an  anhydride  of  trans-penta,- 
methylenedicarboxylic  acid,  and  many  experiments  were  made  with 
the  object  of  obtaining  this  substance,  of  which  only  one  or  two  can 
be  described  here. 

The  trans-acid  used  in  these  experiments  was  very  carefully  puri- 
fied by  repeated  recrystallisation ;  it  was  then  heated  in  sealed  tubes 


1  :  2-PENTAMETHYLENEDICARBOXYLIC  ACID.  986 

at  200°  with  concentrated  hydrochloric  acid,  in  order  to  free  it  from 
traces  of  the  ciVacid  which  might  possibly  be  present  (compare 
this  vol.,  590),  and  then  quantities  of  about  1  gram  were  heated  with 
pure  acetic  anhydride  to  boiling  on  a  reflux  apparatus  for  5,  10,  15, 
20,  and  25  minutes  respectively.  After  standing  for  several  days  over 
potash  in  a  vacuum,  and  until  free  from  acetic  anhydride,  a  very 
thick,  oily  residue  was,  in  all  cases,  obtained,  which,  even  when  the 
heating  had  been  continued  for  25  minutes,  gradually  deposited 
varying  quantities  of  unchanged  acid,  and  all  the  samples,  on  stand- 
ing, exposed  to  the  air  completely  solidified  to  a  cake  of  the  pure 
acid  in  a  few  days. 

Ultimately,  a  substance  consisting  evidently  of  nearly  pure  trans- 
pentamethylenedicarboxylic  anhydride  was  obtained  as  follows. 

The  pure  acid  was  heated  with  10  times  its  weight  of  pure  acetic 
anhydride  on  a  reflux  apparatus  for  25  minutes,  so  that  the  liquid 
just  boiled ;  the  product  was  then  transferred  to  a  small  Wiirtz  flask, 
heated  at  120°  under  a  pressure  of  20  mm.,  and  a  slow  stream  of 
carefully  dried  air  allowed  to  pass  through  the  liquid  until  the  excess 
of  acetic  anhydride  had  been  completely  removed. 

The  slightly  brownish  residue  gave,  on  analysis,  the  following  num- 
bers, which  agree  with  those  required  for  the  anhydride  of  trans- 
pentamethylenedicarboxylic  acid. 

Found. 

, * x  Theory. 

I.               II.  C5H8C203. 

C 5973        59-81  per  cent.  60'00  per  cent. 

H 5-90          5-87       „  5-71       „ 

This  substance  is,  however,  not  quite  pure,  and  contains  traces  of  the 
cz's-anhydride,  as  was  shown  by  the  fact  that  when  it  was  dissolved  in 
hot  water,  and  the  solution  allowed  to  cool,  crystals  were  obtained 
which  did  not  melt  quite  sharply  at  160°  (the  m.  p.  of  the  trans- 
acid),  and  the  mother  liquor  was  found  to  contain  traces  of  the 
as-acid ;  nevertheless,  there  can  be  no  doubt  that  the  greater  por- 
tion of  the  substance  must  have  consisted  of  the  anhydride  of  the 
trans-acid. 

In  its  properties,  this  anhydride  differs  in  many  ways  from  the 
beautifully  crystalline  anhydride  of  the  c^s-acid  ;  it  dissolves,  for 
example,  in  sodium  carbonate  very  rapidly  with  effervescence,  and 
when  exposed  to  the  air  on  a  watch-glass,  it  gradually  solidifies  to  a 
solid  cake  consisting  principally  of  the  trans-acid ;  the  as-anhydride, 
on  the  other  hand,  is  stable  in  the  air,  and  dissolves  only  very  slowly 
in  sodium  carbonate. 

Possibly  this  tendency  to  combine  with  water  may  account  for  the 
gradual  deposition  of  trans-acid  from  the  products  of  the  time  ex- 


987  1  :  2-PENTAMETHYLENEDICARBOXYLIC   ACID. 

periments  described  above,  as  it  is  difficult  to  be  certain  that  potash  is 
dry,  and,  moreover,  water  would  be  produced  by  the  absorption  of 
the  acetic  acid. 

The  remainder  of  the  ^raws-anhydride  was  distilled  under  reduced 
pressure,  when  a  colourless  distillate  was  obtained,  which  solidified 
in  the  manner  so  highly  characteristic  of  the  cis-anhydride  ;  the  dis- 
tillate was  dissolved  in  acetic  anhydride  and  allowed  to  slowly  eva- 
porate over  potash  in  a  vacuum,  when  crystals  gradually  separated 
which  melted  at  70 — 71°  (the  a's-anhydride  melts  at  73°),  and  gave 

on  analysis  the  following  result. 

Theory. 
Found.  C5H8C2O3. 

C 59-68  per  cent.         60'00  per  cent. 

H 5-89       „  571 

It  is,  therefore,  obvious  that  £raws-pentamethylenedicarboxylic 
anhydride,  on  distillation,  is  converted  into  the  anhydride  of  the  cis- 
acid. 

Chemical  Laboratory, 

Owens  College,  Manchester. 


HARBISON  AND  SONS,  Printers  in  Ordinary  to  Her  Majesty,  St.  Martin's  Lane, 


SYNTHESIS  OF  PENTAMETHYLENECARBOXYLIC 
ACID,  HEXAMETHYLENECARBOXYLIC  ACID 
(HEXHYDROBENZOIC  ACID),  AND  AZELAIC 
ACID. 


BY 


E.  HAWORTH,  B.Sc., 

AND 

VV.  H.  PERKIN,  JUN.,  PH.D.,  F.R.S. 


[From  the  Transactions  of  the  Chemical  Society,  1894.] 


Synthesis  of  pentamethylenecarboxylic  acid,  hexamethylenecarboxylic 
acid  (hexahydrobenzoic  acid),  and  azelaic  acid 

By  E.  HAWORTH,  B.Sc.,  and  W.  H.  PERKIN,  Jun.,  Ph.D.,  F.R.S. 

URING  the  last  few  years,  the  behaviour  of  benzene  derivatives  on 
reduction  has  been  the  subject  of  much  investigation,  and  Baeyer's 
classical  researches  in  this  field  (Annalen,  245,  103;  251,  257; 
269,  145)  have  shown  that,  when  subjected  to  the  action  of  sodium 
amalgam,  the  phthalic  acids  yield  a  variety  of  interesting  derivatives, 
the  end  product  being  in  all  cases  the  saturated  hexahydro-acids 
formed  by  the  complete  reduction  of  the  benzene  ring.  Although 
these  acids  contain  a  closed  chain  of  six  carbon  atoms,  they  have  none 
of  the  properties  characteristic  of  benzene  derivatives,  but  behave 
in  almost  all  respects  like  saturated  open  chain  acids  of  the  fatty 
series. 

Other  hexahydrobenzene  derivatives  have  also  been  obtained  by 
the  reduction  of  the  corresponding  benzene  derivatives ;  but  only  in 
a  very  few  instances  have  such  compounds  been  synthetically  pre- 
pared from  substances  belonging  to  the  fatty  series.  One  case  of 
this  kind,  which  has  a  special  bearing  on  the  present  investigation,  is 
the  synthesis  of  1  :  2-methylhexamethylenecarboxylic  acid  (hexa- 
hydro-a-toluic  acid;  Freer  and  Perkin,  Trans.,  1888,  53,  202), 
which  was  carried  out  in  the  following  manner. 

The  sodium  derivative  of  ethylic  malonate  was  digested  in  alcoholic 
solution  with  methylpentamethylene  dibromide,  when  reaction 
readily  took  place  in  accordance  with  the  equation 

2CHNa(COOC2H5)2  +  CH3-CHBrCH2-CH2-CH2-CH2Br  = 

,  +  2NaBr. 

The  ethylic  methylhexamethylenedicarboxylate  was  converted  by 
hydrolysis  into  the  corresponding  bibasic  acid,  which,  when  heated  at 
200°,  was  decomposed  quantitatively  into  carbon  dioxide  and  methyl- 
hexamethylenecarboxylic  acid. 

CH2-CH2-CH-CH3          _   CH2-CH2-CH-CH3 
CH2-CH2-6(COOJE)2  ~=  CH2-CH2-CH-COOH 

The  action  of  reducing  agents  on  a-toluic  acid  has  not  as  yet  been 
investigated ;  and,  therefore,  it  has  not  been  possible  to  compare  the 
reduced  benzene  derivative  with  the  synthetical  acid ;  some  time 
since,  however,  Aschan  (Annalen,  271,  231)  succeeded  in  converting 
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benzoic  acid  into  hexahydrobenzoic  acid,  the  method  used  being  the 
following.  In  the  first  place,  benzoic  acid  was  reduced  by  excess  of 
sodium  amalgam  in  alkaline  solution  to  A2-tetrahydrobenzoic  acid ; 
and,  by  treating  this  acid  with  hydrobromic  acid,  it  was  converted 
into  /3-(?)-bromhexahydrobenzoic  acid. 

H-COOH  H-COOH 

iiH 

+  HBr   = 


Bromhexahydrobenzoic  acid  is  readily  reduced  by  sodium  amalgam, 
yielding  hexahydrobenzoic  acid  (hexamethylenecarboxylicacid).  This 
important  acid  is  very  similar  in  its  properties  to  the  methylhexa- 
methylenecarboxylic  acid  prepared  synthetically  by  the  method  de- 
scribed above;  and  it  appeared  to  us  that  it  would  be  especially 
interesting  to  endeavour  to  obtain  hexahydrobenzoic  acid  syn- 
thetically, as  it  would  then  be  possible  to  compare  the  synthetical 
acid  with  the  reduced  benzene  derivative. 

For  this  purpose,  pentamethylene  dibromide,  Br[CH2]5Br,  was  re- 
quired, a  substance  which  Gustavson  and  Demjanoff  (/.  pr.  Chem., 
39,  542)  had  already  prepared  from  pentamethylenediamine  by  con- 
verting it  into  the  corresponding  glycol  by  the  action  of  silver  nitrite, 
and  subsequently  treating  the  glycol  with  hydrobromic  acid. 

NH,-[CHa>NH8  HO[CH2]5-OH  Br-[CH2]5-Br 

Pentamethylenediamine.        Pentamethyleneglycol.         Pentamethylene  di- 
bromide. 

Before  commencing  the  study  of  the  action  of  this  dibromide  on 
the  sodium  derivative  of  ethylic  malonate,  we  wrote  to  Professor 
Gustavson,  and  in  reply  he  informed  us  that  Herr  Demjanoff  had 
already  instituted  experiments  in  this  direction,  but  did  not  intend  to 
proceed  any  further  with  them,  and  subsequently  Herr  Demjanoff 
not  only  agreed  to  allow  us  to  continue  this  research,  but  he  also  very 
kindly  gave  us  a  detailed  account  of  the  results  which  he  had  obtained 
in  his  preliminary  experiments. 

The  yield  of  pentamethylene  dibromide  obtained  by  Gustavson  and 
Demjanoff  (/.  pr.  Chem.,  39,  542)  was  very  small,  only  about  8  per 
cent,  of  the  theoretical,  and  as  we  required  considerable  quantities  of 
it,  we,  in  the  first  place,  made  numerous  experiments  with  the  object 
of  improving  the  method  of  preparation,  but  without  success,  so  that 
ultimately  we  prepared  our  material  by  a  method  practically  identical 
with  that  devised  by  Gustavson  and  Demjanoff.  The  preparation  of 
the  dibromide  is  exceedingly  tedious  :  altogether  1500  grams  of  tri- 
methylene  bromide  were  used,  the  conversion  of  which  into  penta- 
methylene dibromide  necessitated  more  than  three  months'  steady 
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work,    the   ultimate   amount   of   product    obtained    being    only   90 
grams. 

The  subsequent  study  of  the  action  of  this  dibromide  on  the  sodium 
compound  of  ethylic  malonate  yielded  very  remarkable  results,  which 
prove,  as  we  believe,  that  the  substance  which  was  supposed  to  be 
comparatively  pure  pentamethylene  dibromide  is  in  reality  a  mixture  of 
this  substance  and  tetramethylene  dibromide,  Br-[CH2]4'Br,  the  latter 
constituting,  as  it  appears,  as  much  as  70 — 75  per  cent,  of  the  whole. 
It  is  certainly  very  difficult  to  understand  how  tetramethylene  di- 
bromide can  be  thus  produced  from  pentamethylenediamine ;  and  it 
will  hardly  be  possible  to  understand  this  remarkable  method  of  form- 
ation, until  a  very  careful  examination  of  the  action  of  silver  nitrite 
on  the  hydrochloride  of  the  diamine  has  been  instituted,  as  the 
decomposition  seems  to  be  very  complicated.* 

The  reasons  for  assuming  that  the  dibromide  obtained  by  Gustav- 
son  and  Demjanoff's  method  is  a  mixture,  will  be  readily  understood 
from  the  accompanying  short  sketch  of  the  results  obtained  in  in- 
vestigating its  action  on  the  sodium  derivative  of  ethylic  malonate. 
In  alcoholic  solution,  action  takes  place  very  readily  on  warming, 
with  separation  of  sodium  bromide  and  formation  of  an  oily,  ethereal 
salt,  which,  on  distillation,  yields,  besides  regenerated  ethylic  malon- 
ate, two  principal  fractions,  240—250°  (760  mm.)  and  270—275° 
(50  mm.).  The  fraction  240 — 250°  contains  traces  of  bromine,  and, 
therefore,  did  not  give  good  results  on  analysis;  when  hydrolysed 
by  boiling  with  alcoholic  potash,  however,  it  yields  a  beautifully 
crystalline  bibasic  acid,  which,  on  analysis,  gave  numbers  agreeing 
sharply  with  those  required  by  the  formula  C7Hle04 ;  this  result  was 
confirmed  by  the  analysis  of  the  silver  salt,  which  has  the  composi- 
tion C7H8Ag204. 

This  acid  is,  therefore,  not  hexamethylenedicarboxylic  acid,  the 
ethereal  salt  of  which  would  have  resulted  from  the  action  of  penta- 
methylene dibromide  on  the  sodium  derivative  of  ethylic  malonate, 
but  it  contains  CH2  less  than  this  acid,  and  is,  therefore,  probably 
pentamethylenedicarboxylic  acid,  the  ethereal  salt  of  which  would  be 
produced  in  the  following  manner. 

*  While  this  paper  was  in  the  press,  it  occurred  to  me  that  this  formation  of 
tetramethylene  dibromide  might  be  explained  as  follows.  When  trimethylene  di- 
bromide reacts  with  potassium  cyanide,  it  may  be  assumed  that  the  decomposition, 
to  some  extent,  proceeds  thus, 

Br-[CH2]3-Br  +  KCN  +  H2O  =  CN-[CH2]3-OH  +  KBr  +  HBr. 
The  cyanhydrin,  thus  produced,  would  then,  on  reduction,  be  converted  into  hydr- 
oxytetramethyleneamine,  NH2'[CH2]4-OH,  the  hydrochloride  of  which,  in  contact 
with  silver  nitrite,  would  yield  tetrarnethyleneglycol,  OH-[CH2]4-OH,  tetra- 
methylene dibromide  being  formed  from  this  by  the  subsequent  action  of  hydrogen 
bromide.— W.  H.  P.,  Jan. 
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2CHlSra(COOC,H5)2  +  CH2Br-CH2-CH/CH2Br  = 


That  the  action  actually  takes  place  in  this  manner  is  proved  by 
the  following  considerations.  The  bibasic  acid  of  the  formula 
C7HioO4  does  not  decolorise  potassium  permanganate  in  dilute  alkaline 
solution  ;  it  is,  therefore,  a  saturated  acid,  and  must  contain  a  closed 
carbon  chain  ;  when  heated  above  its  melting  point,  it  rapidly  decom- 
poses, carbon  dioxide  being  evolved  and  an  oily  acid  produced,  which 
distils  constantly  at  214  —  215°.  The  analysis  of  this  acid  and  its 
silver  salt  prove  that  it  is  a  monobasic  acid  of  the  formula  C6H1002, 
and  its  formation,  on  the  assumption  that  the  bibasic  acid  was  penta- 
methylenedicarboxylic  acid,  may  be  represented  thus 


PTT  /  .  PTT    . 

H2<CH2-C(COOH)2    •        H2<CH2-CH-COOH  H 

Pentamethylenemono- 
carboxylic  acid. 

The  properties  of  this  monobasic  acid  coincide  so  exactly  with 
those  which  could  have  been  predicted  for  pentamethylenecarboxylic 
acid,  that  we  had  no  hesitation  in  adopting  this  view  of  its  constitu- 
tion ;  curiously  enough,  however,  while  this  research  was  in  progress 
and  nearing  completion,  Wislicenus  and  Gartner  (Annalen,  275,  333) 
succeeded  in  preparing  pentamethylenecarboxylic  acid  by  a  series  of 
reactions  which  leave  no  doubt  as  to  the  constitution  of  their  product. 
By  the  distillation  of  anhydrous  calcium  adipate,  these  chemists 
prepared,  in  the  first  place,  the  ketone  of  adipic  acid  (ketopenta- 
methvlene), 


_  <JIIM)H. 
H.-CH,.COO>C      -  OH2-CH2>C 

When  this  ketone  is  poured  on  to  powdered  potassium  cyanide,  and 
concentrated  hydrochloric  acid  is  added,  the  hydroxycyanide  first  pro- 
duced is  hydrolysed  and  converted  into  a-hydroxypentamethylene 
carboxylic  acid. 

CHr-OH.  OH    .        CH2-CH2  OH 

OHa-OHr    S)N  8     !S  CH2-CH2>U<COOH  ' 

This  hydroxy-acid  is  readily  reduced  by  heating  with  hydriodic 
acid  and  phosphorus  in  a  sealed  tube  at  190  —  195°,  and  is  thus 
converted  into  pentamethylenecarboxylic  acid, 

CH2-CK2 

>OH 


The  same  acid  was  also  obtained  by  converting  ketopentamethylene 
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into  pentamethylenic  alcohol  by  reduction  ;  the  alcohol,  when  treated 
with  hydriodic  acid,  yields  the  corresponding  iodide,  which,  when 
digested  with  potassium  cyanide,  is  converted  into  pentamethylenic 
cyanide;  from  this,  pentamethylenecarboxylic  acid  is  obtained  by 
hydrolysis. 

At  our  request,  Professor  Wislicenus  was  kind  enough  to  send  us  a 
small  quantity  of  his  acid  in  order  to  enable  us  to  decide  definitely  as 
to  its  identity  with  our  acid.  We  converted  his  specimen  into  the 
acid  chloride,  from  which  we  prepared  the  anilide,  C5H9'CO'NH'C6H5, 
which  crystallises  from  alcohol  in  a  highly  characteristic  manner, 
and  melts  sharply  at  159 — 160°.  On  repeating  the  experiment  under 
precisely  similar  conditions,  with  our  pentamethylenecarboxylic  acid, 
we  obtained  an  anilide  which  crystallised  in  the  same  characteristic 
manner,  melted  at  159 — 160°,  and  on  careful  comparison  was  found 
to  be  identical  with  the  anilide  of  Wislicenus  and  Gartner's  acid. 

There  can,  therefore,  be  no  doubt  that  the  acid  C6-H1002  obtained 
by  us  in  the  manner  described  above  is  in  reality  pentamethylene- 
carboxylic acid. 

During  the  course  of  this  investigation  the  action  of  bromine  in 
the  presence  of  phosphorous  on  pentamethylenecarboxylic  acid  was 
studied,  and  in  this  way  some  very  interesting  results  were  ob- 
tained. If  the  product  is  poured  into  methyl  alcohol,  methylic 
a-bromopentametbylenecarboxylate,  a  colourless  oil  boiling  at 
122 — 125°  (60  mm.),  is  produced;  and  this,  when  treated  with 
aqueous  potash,  yields  A^pentamethenylcarboxylic*  acid. 

OH  —OH 

DH<cH;:cB;coocH3 + 2K°H = 


Potassium  pentametkenylcarboxylate. 

This  acid  melts  at  119 — 121°,  and  in  many  of  its  properties  shows 
marked  resemblance  to  benzoic  acid,  from  which,  however,  it  is 
sharply  differentiated  by  its  instability  towards  alkaline  permanganate 
solution,  which  it  instantaneously  decolorises. 

When  subjected  to  the  action  of  bromine  vapour,  pentamethenyl- 
carboxylic  acid  is  converted  into  a  saturated  dibromo-addition  pro- 
duct, C6H8Br2O2 ;  this  is  evidently  dibromopentamethylenecarboxylic 
acid  produced  according  to  the  equation 


PH  /  Rr 

<CHS-C-COOH  H  CH2-CBr-COOH 

*  This  name  is  given  to  the  acid  in  order  to  indicate  its  connection  with  the  penta- 
methenyl  derivatives  described  by  Wislicenus  and  Grartner  (Annalen,  275,  333 ) 


91  HAWORTH   AND  PERKIN  :   SYNTHESIS   OF 

By  treating  hydroxypentamethylenecarboxylic  acid  with  hydriodic 
acid  and  phosphorus  at  150°,  Wislicenus  and  Gartner  (Joe.  cit.,  p.  337) 
also  obtained,  in  almost  quantitative  yield,  an  acid  C6H802,  which 
melted  at  120°,  and  was  readily  volatile  with  steam.  There  is  no 
doubt  that  this  acid  is  identical  with  pentamethenylcarboxylic  acid, 
and  its  formation  is  readily  understood,  if  it  be  assumed  that  the 
hydriodic  acid  of  the  strength  employed  acted  simply  as  a  dehydrat- 
ing agent,  thus, 


CH2-CH2 
<CHa-6(OH)-COOH  ^  4 


the  above  mentioned  chemists,  indeed,  discuss  this  possibility,  but 
consider  it  very  improbable  that  the  reaction  proceeds  in  this  way 
without,  however,  giving  any  cogent  reasons  against  this  assumption  ; 
they  are,  moreover,  unable  to  suggest  any  formula,  other  than  the 
above,  which  corresponds  with  the  properties  of  the  acid. 

The  next  step  was  to  determine  whether  by  the  action  of  the 
mixed  bromides,  on  the  sodium  derivative  of  ethylic  malonate  any 
hexamethylene  derivative  had  been  formed.  In  order  to  decide  this 
point,  the  various  mother  liquors  of  the  pentamethylenedicarboxylic 
acid  were  evaporated  to  dryness  and  the  residue  was  distilled.  The 
colourless  oily  distillate,  after  treatment  with  permanganate  to 
remove  unsaturated  compounds,  was  very  carefully  fractionated,  and 
in  this  way  rather  more  than  3  grams  of  a  colourless  acid,  boiling  at 
231  —  233°,  was  obtained.  It  solidified  in  a  freezing  mixture,  and  on 
analysis  gave  numbers  agreeing  with  the  formula  C7H1202,  a  result 
which  was  confirmed  by  the  analysis  of  the  silver  salt,  C7HnAg02. 

That  this  acid  is  hexahydrobenzoic  acid  (hexainethylenecarboxylic 

acid),  CH2<^3~^g2>CH-COOH,  may  be  said  to  be  clearly  proved 

by  the  following  facts  :  — 

1.  It  has  the  same  boiling  point   as   Aschau's  hexahydrobenzoic 
acid. 

2.  It  is  a  saturated  acid,  since  its  solution  in  dilute  sodium  carbon- 
ate does  not  decolorise  potassium  permanganate. 

3.  The  mixed  dibromides  from    pentamethylenediamine   undoubt- 
edly contain  considerable  quantities  of  pentamethylene  dibromide,  as 
is  proved  by  the  synthesis  of  azelaic  acid  (see  below),  for  the  produc- 
tion of  which  the  presence  of  this  dibromide  is  necessary  :  as,  there- 
fore, this  dibromide  is  present,  it  would  be  most  remarkable  if  by  its 
action  on  the  sodium  derivative  of  ethylic  malonate,   some  ethylic 
hexamethylenedicarboxylate  were  not  produced  ;  and  the  latter,  on 
hydrolysis  and  subsequent  decomposition  by  heat,  must  yield  hexa- 
hydrobenzoic acid  (compare  Freer  and  Perkin,  Trans.,  1888,  53,  206). 
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The  formation  of  hexahydrobenzoic  acid  by  this  reaction  is  further- 
more confirmed  by  DemjanofF,  who  (as  he  states  in  the  description  of 
his  experiments  which  he  kindly  sent  us)  obtained  an  ethereal  salt 
boiling  at  244 — 255°,  which,  on  hydrolysis,  yielded  a  bibasic  acid 
melting  and  decomposing  at  145 — 160°  ;  on  analysis,  it  gave  numbers 
agreeing  with  the  formula  of  hexamethylenedicarboxylic  acid, 
C8H10(COOH)2. 

Found,  C  =  55-6  ;  H  =  7'2.     Theory,  C  =  55'8 ;  H  =  7. 

This  bibasic  acid,  on  distillation,  yielded  an  oily  monobasic  acid,  the 
calcium  salt  of  which  contained  water  of  crystallisation,  and,  after 
drying,  gave  numbers  agreeing  with  the  formula  (C6Hu02)2Ca : 

Found,  Ca  =  13'6  per  cent.     Theory,  13'6  per  cent. 

According  to  Aschan,  the  calcium  salt  of  hexahydrobenzoic  acid  has 
the  formula  (CeHnO^Ca  +  4H20.  There  can  be  no  doubt  that  the 
latter  was  hexahydrobenzoic  acid,  and  its  synthesis  from  pentamethyl- 
ene  dibromide  was,  therefore,  first  accomplished  by  Demjanoff. 

Synthesis  of  Azelaic  acid. 

When  the  product  of  the  action  of  the  mixed  dibromides  on  the 
sodium  derivative  of  ethylic  malonate  is  fractionated,  the  tempera- 
ture rises  rapidly  after  the  fraction  240 — 250°,  which  has  just  been 
described,  has  passed  over,  and  if  the  distillation  be  continued 
under  reduced  pressure,  a  quantity  of  a  thick  oil  is  obtained,  boiling 
at  270—275°  (50  mm.).  This  oil,  which  constitutes  about  25  per 
cent,  of  the  product,  is  ethylic  heptanetetracarboxylate,  formed  by 
the  action  of  1  mol.  of  pentamethylene  dibromide  on  2  mols.  of  ethylic 
sodiomalonate. 

2(COOC2H5)2CHNa  +  Br-[CH2]5-Br  = 

(COOC2H5)2CH-[CH2]5-CH(COOC2H5)2  +  2NaBr. 

On  hydrolysis  with  alcoholic  potash,  this  ethereal  salt  yields  an  oily 
tetrabasic  acid,  which,  when  heated  at  200°,  is  readily  decomposed 
into  carbon  dioxide  and  a  dark  brown,  crystalline  acid.  The  latter 
crystallises  from  water  in  glistening  plates,  melts  at  107°,  and  is  in 
all  respects  identical  with  azela'ic  acid,  as  was  clearly  proved  by  a 
direct  comparison  with  a  sample  of  the  latter  obtained  by  the  oxida- 
tion of  Chinese  wax.  The  synthesis  of  azelaic  acid  has  not  been 
accomplished  previously,  and  its  formation  by  the  action  of  heat  on 
heptanetetracarboxylic  acid  is  readily  understood  with  the  aid  of  the 
following  equation. 

(COOH)2CH-[CH2]5-CH(COOH)2  = 

COOH-CH2-[CH2]5-CH2-COOH  +  2C02. 

No  trace  of  any  other  acid,  suberic  acid  for  example,  was  formed 
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in  this  reaction.  It  is  very  remarkable  that  tetramethylene  dibromide 
and  pentamethylene  dibromide  should  differ  so  markedly  in  their 
behaviour  towards  ethylic  sodiomalonate  :  that  is,  that  penta- 
methylene dibromide  should  yield,  besides  ethylic  hexamethyleuedi- 
carboxylate,  also  ethylic  heptanetetracarboxylate,  but  that  tetra- 
methylene  dibromide  under  precisely  similar  conditions  should  be 
quantitatively  converted  into  ethylic  pentamethylenedicarboxylate, 
without  a  trace  of  ethylic  hexanetetracarboxylate, 

(COOC2H5)2CH-[CH2]4-CH(COOC2H5)2, 
being  formed. 

In  connection  with  this  point,  it  is  interesting  to  note  that  methyl- 
pentamethylene  dibromide,  CH3*CHBr'[CH2]3*CH2Br,  and  methyl- 
tetramethylene  dibromide,  CH3'CHBr'[CH2]2fCH2Br,  behave  in  a 
precisely  similar  manner  when  heated  with  ethylic  sodiomalonate; 
the  former  (Freer  and  Perkin,  Trans.,  1888,  53,  202,  215)  yielding 
ethylic  methylhexamethylenedicarboxylate  and  considerable  quanti- 
ties of  ethylic  iso-octanetetracarboxylate,* 

(COOC2H5)2CH-CH(CH3)-[CH2]4-CH(COOC2H5)2, 

whereas  in  the  case  of  the  latter  (Colman  and  Perkin,  Trans.,  1888, 
53,  185)  ethylic  methylpentamethylenedicarboxylate  alone  is  formed. 

2CHNa(COOC2H5)2  +  CH3-CHBr-CH2-CH2-CHBr  = 
CH  — PTT'PTT 


As  we  were  in  possession  of  several  grams  of  ethylic  heptanetetra- 
carboxy  late,  we  studied  the  action  of  bromine  on  the  disodium  deriva- 
tive of  this  ethereal  salt,  in  order  to  determine  whether  it  were 
possible  in  this  way  to  accomplish  a  synthesis  of  a  7-carbon  ring. 

PTT    .CH2-CH2-CNa(COOC2H5)2 
UM2<;CH2-CH2-CNa(COOC2H5)2  4 

'H2<CH2-CH2-C(COOC2H5)2  +  2NaBr' 

The  product,  on  hydrolysis,  gave  an  oily  acid,  which  decomposed 
at  200°,  carbon  dioxide  being  evolved ;  the  oily  residue,  after  a 
time,  deposited  crystals  of  azelaic  acid ;  unfortunately  we  were  not 
able  to  isolate  any  other  crystalline  substance  from  the  mother  liquor 
of  these  crystals. 

Experiments  on  the  action  of  bromine  on  the  disodium  derivative 
of  ethylic  iso-octanetetracarboxylate  which  were  instituted  some  time 
since  by  Freer  and  one  of  us  (loc.  cit.)  gave  a  similar  negative  result. 
As,  however,  it  has  been  shown  (Kipping  and  Perkin,  Trans.,  1891, 
59,  214—229;  Wislicenus  and  Meyer,  Annalen,  275,  356—366) 
*  Previously  erroneously  called  ethylic  isoheptanetetracarboxylate. 
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that  a  7-carbon  ring  is  capable  of  existence,  it  is  very  probable  that  if 
these  experiments  were  repeated  under  different  conditions  a  more 
satisfactory  result  would  be  attained. 

The  results  of  this  research  prove  conclusively  that  the  dibromide 
produced  from  the  product  of  the  action  of  silver  nitrite  on  the 
hydrochloride  of  pentamethylenediamine  contains,  besides  penta- 
methylene  dibromide  as  its  chief  constituent,  tetramethylene  dibromide. 
It  is,  therefore,  possible  that  the  hydrocarbon  obtained  by  Gustavson 
and  Demjanoff  (Ber.,  24,  4002)  by  the  action  of  sodium  on  these 
mixed  dibromides,  and  which  boiled  at  35°,  was  not  pure  penta- 
methylene,  as  these  chemists  supposed,  but  a  mixture  of  this  hydro- 
carbon with  tetramethylene. 

Wisliceiius  and  Hentzschel  (Annalen,  275,  327)  prepared  a  hydro- 
carbon, which  is  probably  pentamethylene,  by  reducing  an  alcoholic 

CH  —  PET 

solution  of  pentamethylenic  iodide,  CH2<  Am'   w^h    zinc  and 

CH2— CHI 

hydrochloric  acid  ;  it  boiled  at  50'25 — 5075°,  or  about  15°  higher  than 
Gu.stavson  and  Demjanoff's  product. 

The  boiling  point  of  pentamethylene  may  be  calculated  in  various 
ways,  as  for  example,  by  subtracting  the  difference  between  the  boil- 
ing points  of  heptamethylene  (98 — 101°)  and  of  hexamethylene  (80°) 
from  that  of  the  latter  the  calculated  boiling  point  being  thus  about 
50°,  a  value  agreeing  with  that  found  by  Wislicenus  and  Hentzschel. 
It  is,  however,  remarkable  that  the  unsaturated  hydrocarbon  penta- 

methenylene,  CH2<  M       prepared  by  Wislicenus  and    Gartner, 

CH2— CH 

which  should  boil  higher. than  pentamethylene,  was  found  to  boil 

at  45°. 


Action  of  Silver  Nitrite  on  Pentamethylenediamine  Hydrochloride. 

Gustavson  and  Demjanoff  (J.  pr.  Chem.,  ii,  39.  542),  who  first 
studied  this  decomposition,  obtained  as  a  result  a  substance  boiling  at 
162°  under  a  pressure  of  30  mm.,  which  they  concluded  was  penta- 
methylene glycol,  C5H10(OH)2;  by  heating  this  with  fuming  hydro- 
bromic  acid  in  sealed  tubes  at  100°,  they  prepared  a  dibromide  boil- 
ing at  204 — 206°,  which,  on  analysis,  gave  numbers  agreeing  with  the 
formula  C5H10Br2. 

The  yield  of  the  glycol  and  bromide  was,  however,  but  small, 
17  grams  of  the  latter  being  obtained  from  80  grams  of  pentamethyl- 
enediamine, whereas,  according  to  theory,  the  yield  should  have  been 
180  grams.  As  it  seemed  likely  that  in  the  course  of  our  experiments 
we  should  require  considerable  quantities  of  this  dibromide,  we  made, 
in  the  first  place,  numerous  experiments  with  the  object  of  improving 
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the  yield,  using  silver  nitrite,  sodium  nitrite,  free  nitrous  acid,  &c., 
under  a  great  variety  of  conditions,  but  the  results  were  unsatisfac- 
tory. Ultimately,  we  found  it  best  either  to  follow  the  method  of 
Gustavson  and  Demjanoff  exactly,  or,  in  any  case,  to  introduce  only 
very  slight  modifications.  The  method  of  procedure  finally  adopted  was 
the  following  : — To  a  fairly  strong  solution  of  pentamethylenediamine 
hydrochloride  rather  more  silver  nitrite  was  added  than  the  amount  re- 
quired by  theory.  The  nitrite  was  made  into  a  thin  paste  with  water  and 
added  little  by  little  to  the  solution  of  the  hydrochloride,  the  mixture 
being  kept  well  cooled  during  the  addition  ;  care  is  necessary  in  per- 
forming this  operation,  as,  owing  to  the  evolution  of  nitrogen,  the 
mixture  froths  very  much,  especially  if  the  solution  be  too  concen- 
trated. Next  day  the  mixture  was  heated  on  the  water  bath  in  a  re- 
flux apparatus  for  one  hour  ;  the  precipitated  silver  chloride  was  then 
filtered  off,  washed  with  a  little  water,  and  the  combined  liquors  con- 
centrated by  distillation  in  a  flask  connected  with  a  fractionating 
column  so  as  to  prevent  the  glycol  being  carried  over  with  the  steam. 
In  this  operation,  a  small  quantity  of  oil  of  very  unpleasant  odour 
passed  over  with  the  water,  but  was  not  obtained  in  quantity  suffi- 
cient for  further  examination. 

The  residual  liquid,  after  the  bulk  of  the  water  had  passed  over,  was 
made  into  a  thick  paste  with  anhydrous  potassium  carbonate,  and  the 
glycol  which  separated  as  an  oil  was  removed  by  extracting  six  times 
with  ether.  On  distilling  off  the  ether,  a  considerable  quantity  of  a 
brown  oil  remained,  which  was  alkaline  and  smelt  of  ammonia.  This 
was  mixed  with  10  times  its  volume  of  fuming  hydrobromic  acid 
(saturated  at  0°),  which  at  once  acted  on  it,  producing  a  hissing 
sound  and  dense,  white  fumes,  a  considerable  amount  of  heat  being 
generated.  The  mixture  was  heated  on  the  water  bath  in  a  flask 
attached  to  a  reflux  condenser  for  about  two  hours,  then  resaturated 
with  hydrogen  bromide,  sealed  up  in  tubes,  and  heated  in  boiling 
water  for  four  hours. 

When  cold,  the  contents  of  the  tubes  were  poured  into  water,  the 
heavy  oily  product  extracted  with  ether,  the  ethereal  solution 
washed  with  water  and  sodium  carbonate  solution,  and  dried  over 
calcium  chloride.  On  distilling  off  the  ether,  a  dark  brown  liquid 
remained  which  had  the  odour  characteristic  of  the  higher  dibromides 
in  the  fatty  series.  The  bromine  determination  was  made  by  Carius' 
method. 

0-2398  gave  0'3925  AgBr.     Br  =  69'63. 

C5H10Br2  requires  Br  =  69'56  per  cent. 

This  result  agrees  closely  with  that  obtained  by  Gustavson  and 
Demjauoff,  the  mean  of  their  analyses  giving  Br  =  70*1  per  cent. 
In  spite  of  the  close  agreement  of  the  analytical  numbers  with 
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those  required  by  the  formula  Br*[CH2]5<Br,  the  result  of  our  sub- 
sequent experiments  with  this  bromide  proves  that  it  is  not  by  any 
means  pure  pentamethylene  dibromide,  but  contains  only  approxim- 
ately 25  per  cent,  of  the  latter,  the  remainder  being  tetramethylene 
dibromide,  Br[CH2]4-Br ;  a  mixture  of  this  kind  contains  72'89  per 
cent,  of  bromine. 

As  it  is  quite  usual  for  a  dibromide  such  as  this,  owing  to  slight  de- 
composition and  consequent  loss  of  hydrogen  bromide,  to  give  num- 
bers from  1  to  2  per  cent,  below  the  theoretical,  it  is  not  surprising 
that  the  numbers  found  in  the  present  case  are  also  inaccurate. 

Action  of  the  Mixed  Tetramethylene  and  Pentamethylene  Dibromides  on 
the  Sodium  Derivative  of  Ethylic  Malonate. 

8  grams  of  sodium  were  dissolved  in  100  grams  of  absolute  alcohol, 
the  solution  well  cooled,  and  a  mixture  of  40  grams  of  the  bromide 
and  56  grams  of  ethylic  malonate  added.  At  ordinary  temperatures, 
no  change  appears  to  take  place  except  on  long  standing,  but,  on 
gently  warming,  the  action  soon  begins,  sodium  bromide  separates, 
and  the  liquid  boils  vigorously  for  some  time;  as  soon  as  the  reaction 
becomes  sluggish,  the  mixture  is  heated  on  the  water  bath  in  a  reflux 
apparatus  for  about  two  hours,  allowed  to  cool,  poured  into  twice  its 
volume  of  water,  and  then  extracted  with  ether  four  times.  The 
ethereal  solution  is  well  washed  with  water  to  free  it  from  alcohol, 
dried  over  calcium  chloride,  and  the  ether  distilled  off.  Two  experi- 
ments were  made  in  this  way,  the  total  amount  of  bromide  used  being 
90  grams. 

The  products  from  both  these  experiments  were  mixed  and  frac- 
tionated under  reduced  pressure  (50  mm.),  and  in  this  way  separated 
into  three  fractions  boiling  (1)  between  130°  and  145° ;  (2)  between 
155°  and  180°  ;  and  (3)  between  180°  and  275°. 

A  small  portion  of  fraction  2,  which  boiled  at  162 — 165°  under  a 
pressure  of  30  mm.,  was  collected  for  analysis,  but  it  did  not  give 
satisfactory  numbers,  owing  to  the  fact  that  it  contained  traces  of 
bromine. 

The  two  fractions  1-30 — 180°  were  then  mixed,  and  distilled  under 
ordinary  pressure,  when  they  were  separated  into  two  parts,  the  one 
boiling  below  210°  and  consisting  almost  entirely  of  ethylic  malonate, 
the  other  a  thick  oil  boiling  at  210 — 250°.  The  further  purification  of 
fraction  3  boiling  at  180— 285°(50  mm.)  will  be  described  later  (p.  104). 

f^TT  —  flT 
1  :  l-Pentamethylenedicarboxylic  acid,  CH2<[  A/n        tr    * 

The  fractions  of  the  products  of  the  action  of  the  mixed  bromides 
011  ethylic  sodiomalonate  boiling  at  200—210°  and  210—250°  cannot 
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be  readily  purified  by  fractional  distillation,  owing  to  the  fact  that  the 
oil  contains  bromine  which  cannot  readily  be  removed,  and  the 
presence  of  which  renders  the  results  of  analysis  valueless  ;  for  this 
reason,  the  oils  were  directly  submitted  to  hydrolysis  and  the  result- 
ing acids  further  examined. 

Fraction  200 — 210°,  consisting  principally  of  ethylic  malonate,  and 
weighing  37  grams,  was  mixed  with  a  strong  solution  of  40  grams  of 
pure  caustic  potash  in  methylic  alcohol,  and  heated  in  a  reflux 
apparatus  for  two  hours.  The  alkaline  solution  was  then  diluted 
with  water,  evaporated  on  a  water  bath  till  free  from  alcohol,  and  the 
residue  cooled,  acidified  with  dilute  sulphuric  acid,  and  extracted  five 
times  with  pure  ether.  The  ethereal  solution,  after  drying  over 
calcium  chloride  and  evaporating,  deposited  a  small  quantity  of  crude 
pentamethylenedicarboxylic  acid,  the  malonic  acid  remaining  almost 
entirely  in  the  aqueous  solution.  This  was  subsequently  worked  up 
with  the  principal  quantity  obtained  from  the  fraction  210 — 250°. 

During  the  hydrolysis  of  the  fraction  210 — 250°,  weighing  55  grams, 
with  40  grams  of  potash  dissolved  in  methylic  alcohol,  a  considerable 
quantity  of  a  crystalline  potassium  salt  separated.  The  whole  dis- 
solved readily  in  water,  and  on  evaporating,  acidifying,  and  extracting 
with  ether,  as  described  above,  42  grams  of  a  brown,  oily  acid  was  ob- 
tained, which,  on  standing  over  sulphuric  acid  in  a  vacuum,  deposited 
crystals,  and  gradually  became  semi-solid.  This  crude  product  was 
spread  on  biscuit  ware,  and  when  the  brownish,  oily  mother  liquor 
had  been  entirely  absorbed,  the  colourless,  crystalline  mass  which 
remained  was  recrystallised  several  times  from  water.  It  then  formed 
colourless  prisms,  which,  on  analysis,  gave  results  agreeing  with  the 
formula  of  pentamethylenedicarboxylic  acid,  C5H8(COOH)2. 

01570  gave  0'3060  C02  and  0'0910  H20.     C  =  53-16 ;  H  =  6«44. 

0-1281     „     0-2493     „      „    0*0752    „         C  =  53'08 ;  H  =  6-53. 

C5H8(COOH)2  requires  C  =  53'16;  H  =  6'33  per  cent. 

1  : 1-Pentamethylenedicarboxylic  acid  is  readily  soluble  in  hot,  but 
comparatively  sparingly  in  cold,  water.  It  crystallises  from  water  in 
colourless  prisms,  which,  when  heated  in  a  capillary  tube,  melt  at 
about  184 — 185°,  undergoing  decomposition  into  carbon  dioxide  and 
pentamethylenemonocarboxylic  acid;  this  decomposition  also  takes 
place  to  some  extent  when  the  aqueous  solution  of  the  acid  is 
evaporated,  as  the  solution  acquires  a  strong  odour  of  the  monocarb- 
oxylic  acid.  It  is  readily  soluble  in  alcohol  and  ether,  sparingly  in 
benzene,  and  almost  insoluble  in  light  petroleum.  The  solution  of 
this  acid  in  sodium  carbonate  does  not  decolorise  potassium  perman- 
ganate, even  on  long  standing,  showing  that  the  acid  is  saturated. 

Silver  Salt  of  1 :  \-Pentamethylenedicarboxylic  acid. — This  was  ob- 
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tained  as  a  white,  amorphous  precipitate,  on  adding  silver  nitrate 
to  a  neutral  solution  of  the  ammonium  salt  of  the  acid  ;  it  is  very 
sparingly  soluble  in  water.  After  being  well  washed,  it  was  dried 
over  sulphuric  acid  in  a  vacuum  and  analysed. 

0-2893  gave  0-2418  C02,  0'0551  H20  and  0'1668  Ag.     C  =  2279; 
H  =  2-11 ;  Ag  =  57-66. 

0-3157  gave  0-1816  Ag.     Ag  =  57'52. 
C5H8(COOAg)2  requires  C  =  22'58  ;  H  =  2- 15  ;  Ag  =  58'06  per  cent. 

/-1TT  _/~i  FT 

Pentamethylenemonocarboxylic  acid,  CHa<    '    J    i  . 

CH2-CH*COOH 

When  pure  pentamethylenedicarboxylic  acid  is  heated  in  a  dis- 
tilling flask,  carbon  dioxide  is  evolved,  and  an  oil  consisting  of  pure 
pentamethylenemonocarboxylic  acid  distils  over  constantly  at 
214—215°. 

As  the  quantity  of  pure  dicarboxylic  acid  at  our  disposal  was 
small,  we  extracted,  with  ether,  the  biscuit  ware  containing  the  crude 
oily  dicarboxylic  acid  (p.  97),  evaporated  the  ethereal  solution,  and 
decomposed  the  brownish  residue,  by  heating  it  at  200°  until  no 
more  carbon  dioxide  was  evolved.  On  distilling  the  residual  oily 
acid,  the  whole  (20  grams)  passed  over  between  210°  and  230°  as  a  very 
unpleasant-smelling  oily  liquid  which  did  not  solidify  when  cooled 
in  a  freezing  mixture.  This  acid  is  a  mixture  of  pentamethylene- 
carboxylic  and  hexamethylenecarboxylic  acids,  the  former  being  pre- 
sent in  by  far  the  larger  quantity.  The  acids  are,  however,  con- 
taminated with  some  impurity  which  causes  the  alkaline  solution  to 
decolorise  permanganate  solution  in  the  cold. 

In  order  to  remove  this  impurity,  the  mixed  acids  were  dissolved  in 
dilute  sodium  carbonate  solution,  cooled  below  0°,  and  permangan- 
ate solution  (1  per  cent.)  added  until  the  pink  colour  was  permanent. 
The  excess  of  permanganate  was  then  removed  by  adding  a  few 
drops  of  alcohol,  the  product  filtered,  and  the  filtrate  evaporated  to  a 
small  bulk.  The  acids  were  then  liberated  by  adding  dilute  sulphuric 
acid,  extracted  with  pure  ether,  and  the  ethereal  solution,  dried  over 
calcium  chloride,  was -evaporated.  The  residual  oil  (17  grams),  sub- 
mitted to  very  careful  and  repeated  fractional  distillation,  gave  about 
9  grams  of  oil  boiling  constantly  at  214 — 215°  (the  higher  fraction  is 
mentioned  later),  which,  on  analysis,  gave  results  agreeing  with  the 
formula  of  pentamethylenemonocarboxylic  acid. 

0-1998  gave  0-4612  C02  and  0-1585  H20.     C  =  62'95 ;  H  =  8'80. 
C5H9COOH  requires  C  =  63'16 ;  H  =  877  per  cent. 

The  silver  salt.  C6H902Ag,  obtained  by  adding  silver  nitrate  to  a 
neutral  solution  of  the  ammonium  salt,  as  a  voluminous,  white,  amor- 
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plious  precipitate,  was  well  washed  with  water,  dried  over  sulphuric 
acid  in  a  vacnum,  and  analysed. 

01496  gave  O1778  C02,  0-0582  H,0,  and  0-0730  Ag.     C  =  32-41 ; 

H  =  4-32 ;  Ag  =  48-79. 
0-1872  gave  0'0908  Ag.     Ag  =  48'5. 
C5H9COOAg  requires  C  =  32'58;  H  =  4'07  ;  Ag  =  48'86  per  cent. 

The  relative  density,  magnetic  rotation,  and  refractive  power  deter- 
minations were  carried  out  by  Dr.  W.  H.  Perkin,  sen.,  who  obtained 
the  following  results. 

Pentamethylencmonocarboxylic  acid. 
The  density  determinations  gave — 

^474°    1-0540.  (U5°/15°     1-0452. 

(710°/10°     1-0489.  d  20720n     1-0416. 

d  25725°     1-0385. 

The  refractive  power  determinations  gave— 


t.  MA- 

17-7°        1-44759 


Mo- 

1-45040 


1-45280 


-l 


48-966          49-273 
The  magnetic  rotations  gave 


49-536 


/Up- 

1-45858 


50-168 


MG- 
1-46314 


50-668 


t. 

Sp.  rotation. 

Mol.  rotation. 

18-5° 
18'5 
18-5 
18-5 
18-5 

0  -9633 
0  -9708 
0  -9738 
0  '9669 
0  '9753 

5-851 
5-89G 
5-914 
5-873 
5-924 

Average  18  '5 

0  -9700 

5-891 

As  in  the  case  of  all  the  saturated  closed  carbon  chain  carboxylic 
acids  which  have  so  far  been  examined,  the  magnetic  rotation  is 
very  low. 

Pentamethylenecarboxylic  Chloride,  05H9'COC1. 

This  was  prepared  by  heating  the  pure  monocarboxylic  acid 
(2  grams)  with  twice  its  volume  of  phosphorus  trichloride  for  about 
10  minutes,  and  after  allowing  the  mixture  to  stand  for  about  an 
hour,  decanting  the  liquid  from  the  layer  of  phosphorous  acid,  and 
submitting  it  to  fractional  distillation.  As  soon  as  the  phosphorus 
trichloride  had  passed  over,  the  thermometer  rose  rapidly  to  160°, 
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between    which    temperature  and  162°  the   whole    distilled.      This 
fraction  was  analysed  by  Carius'  method. 

0-1571  gave  0'1652  AgCl.     01  =  26'09. 

C6H9OC1  requires  Cl  =  26' 79  per  cent. 

This  chloride  has  a  very  similar  smell,  and  is  generally  very  similar 

in  properties  to  the  corresponding  chloride  of  tetramethylenecarb- 
/~ITT f^~p~ 

oxylic  acid,  QH2_QH!COCl'  wllich  boils  at  139°' 

Anilide  of  Pentamethylenecarboxylic  acid,  C5H9'CO<NH'C6H5. — In 
order  to  prepare  this,  the  chloride  of  pentamethylenecarboxylic 
acid  was  added  drop  by  drop  to  a  large  excess  of  pure  aniline, 
the  whole  being  stirred  with  a  glass  rod  during  the  operation.  As 
soon  as  the  vigorous  action  had  moderated,  the  mixture  was  heated 
on  a  water  bath  for  a  few  minutes,  poured  into  water,  and  dilute 
hydrochloric  acid  added  to  dissolve  the  excess  of  aniline.  The  re- 
sulting crystalline  precipitate  was  well  washed  with  water,  dried  on  a 
porous  plate,  recrystallised  several  times  from  alcohol,  and  analysed. 

0-1975  gave  13'1  c.c.  moist  nitrogen  at  17°  and  762  mm.     N  =  7'71. 
C5H9-CONH-C6H5  requires  N  =  7'40  per  cent. 

The  anilide  of  pentamethylenecarboxylic  acid  crystallises  from 
alcohol  in  magnificent  glistening  prisms,  resembling  sugar  in  appear- 
ance. It  melts  at  159 — 160°,  and  when  strongly  heated  distils 
apparently  without  decomposing.  It  is  readily  soluble  in  alcohol, 
benzene,  chloroform,  and  acetic  acid,  less  so  in  ether  and  light  petr- 
oleum. 

Professor  Wislicenus  was  kind  enough  to  send  us  a  small  quantity 
of  pure  pentamethylenecarboxylic  acid  prepared  from  the  ketone  of 
adipic  acid  (p.  89).     In  order  to  determine  whether  this  was  iden- 
tical with  our  acid,  we  converted  it  into  the  acid  chloride  by  treat- 
ment with  phosphorus  trichloride,  and  prepared  from  the  fractioned 
chloride  the  anilide  under  exactly  the  same  conditions  as  those  given 
above.     The  anilide,  after  two  crystallisations  from  alcohol,  melted 
at  159 — 160°,  and  gave  the  following  results  on  analysis. 
0-2200  gave  13'9  c.c.  moist  nitrogen  at  17°  and  766  mm.    N  =  7'39. 
C5H9-CONH>C6H5  requires  N  =  7'40  per  cent. 

A  very  careful  comparison  of  this  product  with  the  anilide  obtained 
from  our  acid  proved  that  the  substances  were  identical. 
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Methylic  a-Monobromopentamethylenecarboxylate, 


The  action  of  bromine  on  pentamethylenecarboxylic  acid  was 
studied  in  the  first  instance,  with  the  view  of  showing  that,  when 
treated  in  this  way,  the  acid  behaved  as  a  saturated  acid,  forming  a 
monobromo-substitution  and  not  a  dibrom-additive  product.  5  grams 
of  pentamethylenecarboxylic  acid  (b.  p.  214  —  217°)  was  mixed 
with  0'3  gram  of  dry  amorphous  phosphorus  in  a  flask  connected 
with  a  reflux  condenser,  and  15  grams  of  dry  bromine  added  in  small 
portions  at  a  time.  The  decomposition  took  place  at  once,  quantities  of 
hydrogen  bromide  being  evolved.  As  soon  as  the  violence  of  the 
action  had  moderated,  the  whole  was  heated  on  a  water  bath  for  five 
hours,  the  condenser  then  removed,  and  the  heating  continued  until 
the  excess  of  bromine  had  been  driven  off. 

The  dark-coloured  product  was  converted  into  the  methylic  salt 
and  not  into  the  acid,  as  it  was  thought  that  the  former  would  be 
more  readily  purified.  For  this  purpose,  the  oil  was  added  to  excess 
of  methylic  alcohol,  and  after  standing  for  an  hour,  the  alcoholic 
solution  was  poured  into  water.  The  oily  methylic  salt  was  now  ex- 
tracted with  ether,  and  the  ethereal  solution,  after  being  well  washed 
with  water  and  dilute  sodium  carbonate  solution,  was  dried  over 
anhydrous  potassium  carbonate.  On  distilling  off  the  ether,  a  dark 
brown  oil  was  left,  which,  on  being  purified  by  fractionation  under 
reduced  pressure,  yielded  a  colourless  oil  ;  this,  on  analysis,  gave  the 
following  results. 

0-3203  gave  AgBr  =  0'2960.     Br  =  39'3. 
0-2326     „     AgBr  =  0-2165.     Br  =  38'8. 

C6H7Br-COOCH  requires  Br  =  38'8  per  cent. 

Methylic  a-bromopentamethylenecarboxylate  is  a  colourless  oil  which 
boils  at  122  —  125°  (60  mm.),  and  is  specifically  heavier  than  water. 
In  its  odour  and  general  properties  it  closely  resembles  the  corre- 
sponding tetramethylene  derivative  (Trans.,  1892,  61,  43). 


_ 

^-Pentamethenylcarboxylic  acid,  CH2<  "      ~ 

CH;;—  C'COOH 

This  interesting  unsaturated  acid  is  formed  when  methylic  mono- 
bromopentamethylenecarboxylate  is  acted  on  by  aqueous  potash,  as 
explained  in  the  introduction  (p.  90).  In  order  to  prepare  it, 
methylic  monobromopentamethylenecarboxylate  was  mixed  with 
strong  potash  solution  (sp.  gr.  T2)  and  shaken  from  time  to  time 
until  it  had  almost  entirely  dissolved,  an  operation  which  took  about 
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two  days.  The  solution  was  then  heated  to  boiling  for  half  an  hour, 
cooled  well,  acidified,  and  extracted  five  times  with  pure  ether.  The 
ethereal  solution  was  dried  with  calcium  chloride,  and  evaporated, 
when  a  light  brown  oil  was  left,  which,  after  a  time,  solidified  almost 
entirely.  The  crystals  were  freed  from  oily  impurity  by  spreading 
the  mass  on  a  porous  plate,  and  recrystallising  three  times  from  water 
to  which  a  little  purified  animal  charcoal  was  added.  In  this  way 
beautiful,  colourless  crystals  were  obtained. 

0-1352  gave.  O3144  C02  and  0'0870  H20.     C  =  64'22;  H  =  7'25. 
C6H802  requires  C  =  64'28  ;  H  =  7'14  per  cent. 

The  analysis  and  general  properties  of  this  acid,  and  especially  its 
behaviour  when  treated  with  bromine  (see  below),  leave  scarcely 
any  doubt  that  it  is  A^pentamethenylcarboxylic  acid.  When 
heated  in  a  capillary  tube,  the  acid  softens  at  about  115°,  and  melts 
not  quite  sharply  at  119 — 121°.  It  is  readily  soluble  in  hot  water, 
alcohol,  ether,  and  light  petroleum,  but  only  sparingly  in  cold  water. 
It  dissolves  easily  in  alkalis  and  alkali  carbonates,  the  cold  solution  in 
dilute  sodium  carbonate  decolorising  permanganate  instantaneously, 
showing  that  the  acid  is  unsaturated. 

Pentamethenylcarboxylic  acid  crystallises  from  its  solution  in 
hot  water  or  hot  light  petroleum  in  glistening  plates,  which  very 
closely  resemble  benzoic  acid  in  appearance.  It  is  also  remarkable 
that  not  only  are  the  melting  points  of  the  two  acids  identical,  but 
also  that  pen  tarn  ethenylcarboxylic  acid  sublimes  with  great  readi- 
ness even  at  100°  in  very  much  the  same  way  as  benzoic  acid. 
Pentamethenylcarboxylic  acid  is,  without  doubt,  identical  with 
the  acid  C6H802,  of  which  Wislicenus  and  Gartner  (Annalen,  275, 
337)  obtained  an  almost  quantitative  yield  by  heating  hydroxy- 
pentamethylenecarboxylic  acid  with  feebly  fuming  hydriodic  acid 
and  phosphorus  at  150°  (see  p.  91). 

Dibromopentamethylenecarboxylic  acid,  CH2<^       2    ' 

CH2-CBr*COOH. 

In  order  to  obtain  further  evidence  in  support  of  the  view  of  the 
constitution  of  pentamethenylcarboxylic  acid  adopted  in  the  pre- 
ceding section,  the  action  of  bromine  on  this  acid  was  carefully  inves- 
tigated. 0'06  gram  of  the  pure  acid  was  placed  on  a  watch  glass  under 
a  bell  jar,  and  exposed  to  the  action  of  bromine  vapour  for  10  hours;  the 
excess  of  bromine  was  then  removed  by  allowing  the  dark  brown 
liquid  product  to  remain  over  potash  in  a  vacuum  for  24  hours.  In 
this  way  an  almost  colourless,  crystalline  mass  was  obtained,  which, 
after  recrystallisation  from  light  petroleum,  gave,  on  analysis, 
numbers  agreeing  with  the  formula  of  dibromopentamethylene- 
carboxylic  acid. 
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0-0984  gave  0*1358  AgBr.     Br  =  58'81. 

C6H8Br202  requires  Br  =  58'82  per  cent. 

Dibromopentamethylenecarboxylic  acid  is  readily  soluble  in  ether, 
alcohol,  chloroform,  benzene,  and  hot  light  petroleum,  sparingly  so  in 
the  latter  solvent  in  the  cold,  and  almost  insoluble  in  water.  It  crystal- 
lises from  light  petroleum  in  colourless  leaflets,  which,  when  heated 
in  a  capillary  tube,  soften  at  127°,  and  melt  at  about  134°.  A 
freshly  prepared  solution  of  the  acid  in  sodium  carbonate  does  not 
decolorise  permanganate,  but  it  does  so  after  standing  for  some  time 
owing  to  slight  decomposition.  When  boiled  with  water,  the  acid 
first  melts,  and  then  dissolves  completely,  the  solution  now  containing 
much  hydrobromic  acid. 

Hexamethylenemonocarboxylic  acid  (Hexahydrobenzoic  acid), 

CH°<c!::ci:>CH-COOH- 

When  crude  pentamethylenedicarboxylic  acid  is  distilled,  and  the 
oily  distillate  repeatedly  fractioned,  the  principal  product  obtained 
is  pentamethylenecarboxylic  acid,  boiling  at  214 — 215°.  But  there 
is  also  a  considerable  quantity  of  a  higher  fraction,  boiling  between 
215°  and  235° ;  this,  when  submitted  to  repeated  and  careful 
fractionation,  gave  about  3  grams  of  a  colourless  oil,  which  distilled 
between  232°  and  234°.  On  analysis,  it  gave  the  following  numbers. 

0-1320  gave  0'3164  C02  and  0-1116  H20.     C  =  65'37  ;  H  =  9'39. 
C6HU-COOH  requires  C  =  65*62 ;  H  =  9'38  per  cent. 

The  silver  salt  of  this  acid  was  obtained  as  a  white,  amorphous  pre- 
cipitate o:a  adding  silver  nitrate  to  the  neutral  solution  of  the  am- 
monium salt ;  after  washing  it  well  with  water,  and  drying  over 
sulphuric  acid  in  a  vacuum,  it  was  analysed. 

0-2010  gave  0'2613  C02,  0-0868  H20,  and  0'0926  Ag.     C  =  35'45  ; 

H  =  4-79 ;  Ag  =  46-07. 
C6Hu-COOAg  requires  C  =  3574 ;  H  =  4'69  ;  Ag  =  45'95  per  cent. 

These  results  agree  closely  with  those  required  for  hexahydro- 
benzoic  acid,  and  there  is  every  reason  to  believe  that  the  two  are 
identical.  Aschan  (Annalen,  271,  260),  who  prepared  hexahydro- 
benzoic  acid  from  benzoic  acid,  gives  the  boiling  point  of  the  former 
as  232 — 233°,  and  the  melting  point  at  28°,  and  states  that  the  acid 
does  not  decolorise  potassium  permanganate  in  dilute  sodium  carbon- 
ate solution.  Our  acid  distilled  at  232 — 234°,  and  was  also  indifferent 
to  permanganate.  When  cooled  in  a  freezing  mixture,  it  solidified, 
but  gradually  liquefied  again  at  ordinary  temperatures.  This  differ- 
ence in  melting  point  is  obviously  due  to  the  presence  of  some  slight 
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impurity ;  but,  owing  to  the  small  amount  of  material  at  our  disposal, 
we  were  not  able  to  remove  it. 

Ethylic  Heptane- ta2w2-tetracarboxylate, 
(COOC2H6)2CH-[CH2]5-CH(COOC2H5)2. 

In  fractioning  the  product  of  the  action  of  the  crude  dibromideson 
ethylic  sodiomalonate,  a  thick  oil  was  obtained  boiling  at  180 — 285° 
(50  mrn.),  and  from  this,  on  redistilling,  an  almost  colourless  fraction 
boiling  at  270 — 275°  (50  mm.)  was  isolated.  This,  on  analysis, 
gave  the  following  results. 

01758  gave  0'3754  C02  and  0'1291  H20.     C  =  58'24  ;   H  =  8'16. 
C19H3208  requires  C  =  5876 ;  H  =  8'25  per  cent. 

This  substance  is  ethylic  heptane-w2w2-tetracarboxylate,  formed  by 
the  action  of  pentamethylene  dibromide  on  2  mols.  of  ethylic  sodio- 
malonate, as  explained  in  the  introduction  (p.  92). 

It  is  an  almost  colourless  oil  which  appears  to  undergo  very  slight 
decomposition  when  distilled  under  the  ordinary  pressure.  When 
added  to  an  ethereal  solution  of  sodium  ethoxide,  a  yellow,  flocculent 
sodium  derivative  is  precipitated ;  this  probably  has  the  constitution 
(COOC2H5)2CNa-[CH2]5-CN"a(COOC2H5)2. 

Hydrolysis  of  Ethylic  Heptanetetracarboxylate.     Synthesis  of  Azelaic 
acid,  COOH-[CH2]7.COOH. 

This  ethereal  salt  was  readily  hydrolysed  by  boiling  with  excess  of 
alcoholic  potash,  the  action  being  complete  after  heating  for  half  an 
hoar  on  a  water  bath.  In  order  to  isolate  the  product,  water  was 
added,  the  solution  evaporated  on  a  water  bath  until  free  from 
alcohol,  acidified,  and  extracted  several  times  with  pure  ether.  The 
ethereal  solution  after  drying  over  calcium  chloride  and  evaporating, 
deposited  a  thick,  pale  yellow  oil,  probably  heptanetetracarboxylic 
acid ;  it  did  not  crystallise,  and  therefore  was  not  analysed. 

When  heated  at  200°,  this  thick,  oily  acid  readily  decomposed,  with 
evolution  of  carbon  dioxide;  the  residual  oil,  which  became  nearly 
solid  on  standing,  was  readily  purified  by  dissolving  it  in  boiling 
water  and  decolorising  by  means  of  animal  charcoal.  Beautiful, 
colourless  crystals  separated  from  the  hot  concentrated  solution  as  it 
cooled ;  after  recrystallisation,  it  melted  at  105 — 107°.  Its  identity 
with  azelaic  acid  was  established  by  a  direct  comparison  with  a  sample 
of  the  latter,  prepared  by  the  oxidation  of  Chinese  wax.  The  analysis 
gave  the  following  results. 

01102  gave  0'2301  C02  and  0*842  H20.     C  =  57-03  ;  H  =  8'49. 
C9H1604  requires  C  =  57'44 ;  H  =  8'51  per  cent. 
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The  silver  salt,  prepared  from  the  neutral  solution  of  the  ammonium 
salt  by  precipitating  with  silver  nitrate,  is  a  white,  amorphous 
powder,  and  gave  the  following  results  on  analysis. 

I.  0-1298  gave  0'1240  C02,  0-0434  H30,  and  0'0686  Ag.     C  = 

26-06 ;  H  =  3'75 ;  Ag  =  53'60. 
II.  0-2296  gave  0-2232  C02,  0'0740  H2O,  and  0'1230  Ag.     C  = 

26-53;  H  =  3'58;  Ag  =  53'57. 
C9H1404Ag2  requires  C  =  26'86 ;  H  =  3'48;  Ag  =  53'73  per  cent. 

Action  of  Bromine  on  the  Disodium  Derivative  of  Ethylic  Heptanetetra- 

carboxylate. 

The  action  of  bromine  on  the  disodiuin  derivative  of  ethylic  iso- 
octanetetracarboxylate, 

(COOC2H5)2CNa-CH(CH3)-[CH2]4-C]Sra(COOC2H5)2, 

was  studied  by  Freer  and  Perkin  (Trans.,  1888,  53,  220),  with  the 
object  of  preparing  a  heptamethylene  derivative,  but  no  such  sub- 
stance could  be  isolated ;  a  similar  want  of  success  has  attended  our 
experiments  on  the  action  of  bromine  on  the  disodium  derivative  of 
ethylic  heptanetetracarboxylate. 

In  carrying  out  this  experiment,  ethylic  heptanetetracarboxylate 
(1  mol.)  was  mixed  with  an  ethereal  solution  of  sodium  ethylate 
(2  mols.),  and  the  calculated  quantity  of  bromine  (1  mol.)  was 
gradually  added,  the  whole  being  well  agitated  and  cooled  during 
the  addition.  The  whole  of  the  bromine  disappeared,  and  the  action 
was  then  evidently  not  at  an  end,  as  on  adding  iodine  a  considerable 
quantity  of  this  was  also  absorbed  ;  in  fact,  the  action  evidently  pro- 
ceeds in  a  very  different  way  from  that  which  takes  place  when  the 
disodium  derivatives  of  ethylic  butane-  and  pentane-tetracarboxylate 
are  acted  on  by  bromine. 

On  hydrolysis,  the  product  gave  an  oily  acid,  and  this,  when  heated 
at  200°,  yielded  an  oil  from  which  a  small  quantity  of  a  crystalline 
substance  was  obtained  melting  at  106°,  and  having  all  the  properties 
of  azelaic  acid.  The  oily  products  were  not  further  investigated. 

Chemical  Laboratories  of  the 
Owens  College,  Manchester. 
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Hexamethylene  dibromide  and  its  action  on  sodium  and  on  ethylic  sodio- 

malonate. 

By  E.  HAWOETH,  B.Sc.,  and  W.  H.  PERKIN,  Jun. 

AT  the  present  time,  little  is  known  as  to  the  existence  and  stability 
of  closed  carbon  chains  containing  more  than  6  carbon  atoms. 

A  substance  containing  an  8  or  9  carbon  chain  is  not  known  to 
exist,  but  there  is  strong  evidence  that  saturated  compounds  contain- 
ing a  ring  of  7  carbon  atoms,  that  is,  derivatives  of  heptamethylene, 

f^TT  •("'IT  "f^TT 
CH2<       2        2  i     2  are  not  only  capable  of  existence,  but  that  they 

0  -H_2"  \j  id-2*  ^  -ti-2 

show  a  degree  of  stability  which  does  not  appear  to  fall  short  of  that 
of  the  derivatives  of  tetra-,  penta-,  and  hexa-methylene. 

It  is  a  well  known  fact  that  suberic  acid,  when  distilled  with  lime, 
yields  suberone,  C6H12CO  (Boussingault,  Annalen,  19,  308  ;  Dale  and 
Schorlemmer,  Ber.,  7,  806 — 808),  and  there  can  be  little  doubt  that 
the  constitution  of  this  well  characterised  ketone  must  be  represented 

f^TT  •OTT  «OTT 
by  the  formula  C0<       2        2  I      ,    that   it  is,  in   fact,   ketohepta- 

0  id-2*  0 -LL2*  v> -tig 

methylene. 

Many  reasons  might  be  given  in  support  of  this  view,  but  the  fol- 
lowing only  need  be  mentioned  here. 

In  the  first  place,  the  constitution  of  suberic  acid  has  lately  been 
proved  by  Crum  Brown  and  Walker  (Annalen,  261,  119),  who  suc- 
ceeded in  synthesisin'g  the  ethylic  salt  of  this  acid  by  submitting 
potassium  ethylic  glutarate  to  electrolysis. 

5  =  COOC2H5-[CH2]6-COOC2H5  +  2K  +  2C02. 

Now  in  the  formation  of  suberone  from  this  acid,  by  the  loss  of 
water  and  carbon  dioxide,  the  simplest  way  to  represent  the  decom- 
position is  obviously  the  following. 


I 


H2.CH2-CELVCOOH        CH2-CH2-CH2 
H2-CH2.CH3-COOH  ==  CH2-CH2-CH2- 


b 
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That  the  reaction  really  takes  place  in  this  way  is  rendered  very 
probable  by  the  recent  work  of  Baeyer  (Annalen,  278,  110)  and  of 
Wislicenus  and  his  pupils  (Annalen,  275,  309),  the  results  of  which 
show  that  the  lower  honiologues  of  suberic  acid,  that  is,  adipic  acid 
and  pimelic  acid,  when  distilled  with  lime,  yield  ketopentamethylene 
and  ketohexamethylene  respectively, 

CHu'CHo  «__  ^CHyCETo^  nr» 

CH2.CH>C  'H"<CH2.CH2>C0' 

two  ketones  which,  in  their  properties,  show  the  closest  resemblance 
to  suberone. 

On  oxidation,  ketopentamethylene,  ketohexamethylene,  and  suberone 
yield  glutaric,  adipic,  and  pimelic  acids  respectively,  the  acid  in  each 
case  containing  the  same  number  of  carbon  atoms  as  the  ketone  from 
which  it  is  derived. 

As,  in  deciding  the  constitution  of  suberone,  it  is  of  the  greatest 
importance  to  prove  the  constitution  of  the  pimelic  acid  which  this 
ketone  yields  on  oxidation,  Wislicenus  and  Mager  (Annalen,  275, 
356)  compared  it  very  carefully  with  normal  pimelic  acid  prepared 
from  pentanetetracarboxylic  acid  (Trans.,  1887,  51,  242),  with  the 
result  that  the  acids,  as  had,  indeed,  been  previously  supposed,  were 
proved  to  be  identical. 

Suberone  must  therefore  be  ketoheptamethylene,  its  oxidation  to 
pimelic  acid  being  represented  thus  — 

CH2-CH2-CH2  __  CH2-CH2-COOH 

CH2-CH2-CHr  OH2-CH2-CH2-COOH  ' 

None  of  the  other  formulas  which  have  been  proposed,  such  as,  for 
example,  that  of  methylketohexamethylene, 


PTT    .x2  --          a 

'H2<CH2-CH(CH3) 

could  yield  normal   pimelic  acid   on  oxidation,  unless,  indeed,  the 
oxidation  be  assumed  to  proceed  in  a  very  complicated  manner. 

Further  evidence  of  the  existence  of  heptamethylene  compounds 
was  obtained  by  Kipping  and  Perkin  (Trans.,  1891,  59,  214)  in  the 
course  of  their  experiments  on  diacetylpentane.  This  diketone, 
when  reduced,  in  moist  ethereal  solution,  with  sodium,  yields  as  prin- 
cipal product  dimethyldihydroxyheptamethylene  according  to  the 
equation 

rTT   .CH2-CH2-CO-CH3    .  PTT      CH2-CH2-C(OH)-CH3 

<CH2-CH2.CO-CH3  •*  <CH2.CH2-C(OH)-CH3  ' 

the  reduction  taking  pl,ace  in  the  same  way  as  in  the  formation  of 
pinacone  from  acetone. 

This  dihydroxy-compound,  when  heated  with  hydriodic  acid  and 
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amorphous  phosphorus,  yielded  the  corresponding  hydrocarbon,  di- 

CH2-CH,-CH-CH3 
methylheptamethylene,  CH2<         .njr'.rirT.nTT  •      Tlie  constitutions 

of  these  compounds  are  very  fully  discussed  in  the  paper  referred  to, 
and  there  can  scarcely  be  a  doubt  that  the  formulae  proposed  best 
represent  the  reactions  of  the  substances,  which  therefore  must  be 
regarded  as  derivatives  of  heptamethylene. 

In  a  recent  paper  (/.  pr.  Chem.,  49,  27),  A.  Michael  considers  it 
probable  that  the  substance  dimethjldihydroxyheptamethylene  may 
have  the  constitution  represented  by  the  formula 

PTT    .CH2-CH-CH(OH)-CH3 
'U2^CH2-CH2>C(OH)-OH3     ; 

but  it  is  very  difficult  to  see  how  such  a  compound  could  possibly  be 
formed  by  the  reduction  of  diacetylpentane,  and  this  formula  cannot, 
therefore,  be  accepted  until  Home  experimental  proof  of  its  accuracy 
has  been  deduced. 

As  suberone  and  dimethyldihydroxyheptamethylene  are,  so  far,  the 
only  known  substances  which  contain  a  7-carbon  ring,  it  appeared 
to  us  that  it  would  be  interesting  to  prepare  other  compounds  of  this 
class,  and  for  this  purpose  it  was  thought  best  to  employ  the  method 
which  has  been  used  with  success  in  the  formation  of  other  closed 
carbon-chain  compounds. 

If  the  sodium  compound  of  ethylic  malonate  be  digested  with 
hexamethylenedibromide,  arguing  from  analogy,  the  reaction  should 
proceed  as  follows, 

2CHNa(COOC2H5)2  +  BrCH2-CH2-CH2-CH2-CH2-CH2Br  = 


2  +  CH2(COOC2H5)2  +  2NaBr, 

Ethylic  1  :  l-heptamethylenedicarboxylate. 

and  this  ethereal  salt,  on  hydrolysis,  should  yield  the  corresponding 
heptamethylenedicarboxylic  acid,  which,  when  distilled,  would  be 
converted  into  heptamethyleiiecarboxylic  acid  with  loss  of  carbonic 
anhydride. 

CH2-CH2-CH2  9H2'CH2'CH2\nTT.pnnTT  _L  rn 

fcwJBW)Hi>  h       CH2.CH2.CH2>( 

When  these  experiments  were  in  contemplation,  hexamethylene 
dibromide  had  not  been  prepared,  and  for  a  long  time  the  attempts  to 
obtain  it  were  unsuccessful;  ultimately,  however,  the  following 
method  was  found  to  give  satisfactory  results. 

ID  wr  Chlorobromopro  pan  e  (trimethy  len  e  ch  lorobrom  ide),  when  treated 
in  alcoholic  solution  with  sodium  ethoxide  (1  mol.),  is  readily  decom- 
posed with  formation  of  chlorethoxypropane,  thus  — 
ClCH2-CH2-CH2Br  +  NaOCaH6  =  C1CH2-CH2-CH2-OC2H5  +  NaBr. 
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This,  when  acted  on  by  sodium  or  potassium  in  ether,  benzene,  or 
light  petroleum,  undergoes  condensation  with  formation  of  an  oil  of 
high  boiling  point,  which  evidently  contains  diethoxyhexamethylene, 
the  reaction  proceeding  thus — 

2C1CH2-CH2-CH2-OC2H5  +  K2  =  2KC1  + 

C2H60-CH2-CH2-CH2-CH2-CH2-CH2-OC2H5. 

but  the  amount  of  this  substance  obtained  is,  unfortunately,   very 
small. 

Lastly,  hydrobromic  acid  readily  decomposes  this  compound,  even 
at  100°,  much  more  rapidly  at  150°,  with  formation  of  hexamethylene 
dibromide. 
C2H60[CH2]6-OC2H5  +  4HBr  =  Br-[CH2]6-Br  +  2C2H5Br  +  2H20. 

Hexamethylene  dibromide  reacts  very  readily  with  the  sodium  com- 
pound of  ethylic  malonate,  when  the  two  are  digested  together  in 
alcoholic  solution,  sodium  bromide  being  precipitated  and  an  oily 
substance  formed  ;  the  latter  was  isolated  in  the  usual  manner,  and 
then  roughly  separated  into  two  parts  by  fractionation  under  reduced 
pressure  (40  mm.),  the  fractions,  130—220°  and  220—290°,  being 
collected  separately. 

The  fraction  130 — 220°  (40  mm.),  which  contains  a  considerable 
quantity  of  regenerated  ethylic  malonate,  was  hydrolysed,  and  the 
resulting  mixture  of  bibasic  acids  decomposed  by  heating  at 
200°,  the  residual  oil  being  purified  by  repeated  fractionation 
under  ordinary  pressures.  ,In  this  way  about  2  grams  of  a  thick, 
colourless,  unpleasant  smelling  oil  was  obtained ;  this  boiled  at 
248 — 250°,  and,  on  analysis,  gave  numbers  agreeing  with  the  formula 
of  heptamethylenecarboxylic  acid,  which  should  have  been  produced 
if  the  reaction  had  proceeded  as  indicated  above.  The  acid  is  a 
saturated  compound,  as  its  dilute  alkaline  solution  does  not  decolorise 
potassium  permanganate,  and  it  very  closely  resembles  pentamethyl- 
ene-  and  hexamethylene-carboxylic  acids  in  its  properties,  so  that, 
although  the  amount  of  material  at  our  disposal  was  not  sufficient  to 
allow  of  a  careful  examination  of  its  salts,  we  think  we  are  justified 
in  assuming  that  the  substance  is  heptamethylenecarboxylic  acid. 

If  this  view  be  accepted,  it  is  interesting  to  note  that  the  series  of 
monocarboxylic  acids  of  the  saturated  closed  carbon  chains  which 
have  been  synthetically  produced,  is  complete  up  to  and  including 
7  carbon  atoms  (see  table  next  page). 

It  is  remarkable  that  the  difference  in  the  boiling  points  of  tri- 
methylene-  and  tetramethylene-carboxylic  acids  should  be  so  distinctly 
less  than  is  the  case  between  any  other  pair  of  consecutive  acids. 

In  fractioning  the  crude  product  of  the  action  of  hexamethylene 
dibromide  on  ethylic  sodiomalonate,  a  considerable  quantity  of  an 
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B.p. 

Diff. 

PITT 

Trimethylenecarboxylic  acid        I     2^>CHiCOOH  

182° 
195 
215 
233 
249 

13° 

20 
18 

16 

CH2-CH2 

'   CH2-CH-COOH 

PIT  •C'TT 
Pentamethylenecarboxy  lie  acid     i              2^>CH-COOH  

CILj-CHg 
Hexamethylenecarboxylic  acid,  CH2<^g2'CH2v>CH.COOH 

r^TT  .f^w  «r^TT 

Heptamethylenecarboxylic  acid,    i     :         22^  Cjj.CoOH  . 
Oii  2*  O-tig"  *~>  -*-*-2 

oily  compound  was  obtained,  which  boiled  at  277  —  280°  under  a  pres- 
sure of  80  mm.  ;  this,  on  investigation,  proved  to  be  ethylic  octane- 
tetracarboxylate.  produced  according  to  the  equation  — 

2(COOC2H5)2CHNa  +  Br-[CH2]6«Br  = 

(COOC2H5)2CH-[CH2]6-CH(COOC2H5)2  +  2NaBr. 

This  interesting  substance,  on  hydrolysis,  yields  an  oily  acid,  prob- 
ably octanetetracarboxylic  acid,  which,  when  heated  at  200°,  is  decom- 
posed, with  evolution  of  carbon  dioxide  and  formation  of  sebacic  acid, 
thus. 

(COOH)2CH-[CH2]6-CH(COOH),  = 

COOH-CH2.[CH2]6-CH2-COOH  +  2C02. 

That  sebacic  acid  is  normal  octane  wctvdicarboxylic  acid,  as  repre- 
sented in  this  equation,  has  been  proved  by  Crum  Brown  and  Walker 
(Annalen,  261,  121),  who  obtained  the  acid  synthetically  by  the  elec- 
trolysis of  potassium  ethylic  adipate, 

COOK-CH2-CH2-CH2-CH2-COOC2H6, 

and  the  formation  of  this  acid  from  hexamethylene  dibromide,  proves, 
if  any  proof  other  than  its  synthesis  were  necessary,  that  this  di- 
bromide has  the  constitution  Br*[CH2]*Br,  which  has  been  assigned 
to  it  in  this  paper 

While  experimenting  with  hexamethylene  dibromide,  it  was  thought 
that  it  would  be  interesting  to  study  the  action  of  sodium  on  it, 
as  it  seemed  probable  that,  in  this  way,  hexamethylene  (hexa- 
hydrobenzene)  might  be  synthetically  produced. 


In  carrying  out  the  experiment,  under  conditions  given  in  detail  in 
this  paper,  a  small  quantity  of   a  hydrocarbon  was  obtained,  which 

6  2 
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boiled  at  77 — 80°,  and,  on  analysis,  gave  numbers  agreeing  approxi- 
mately with  those  required  by  the  formula  C6H12.  The  properties  of 
this  hydrocarbon  agree  closely  with  those  ascribed  by  Baeyer  (Annalen, 
278,  111)  to  hexamethylene,  which  he  prepared  by  reducing  hexa- 

/~1TT    ./"I  TT 

methylene  iodide,  CH2<^p._T2f^(TT2^>CHI,  with  zinc  dust  and  acetic 

acid,  and  which  boils  at  79°.  It  was  our  intention  to  repeat  these 
experiments  on  a  larger  scale,  in  order,  if  possible,  to  obtain  sufficient 
hydrocarbon  to  enable  its  physical  constants  to  be  determined  and 
compared  directly  with  those  of  hexamethylene  ;  but  we  did  not  pro- 
ceed further  in  this  direction,  as  Salonina  (J3er.,  26,  2987)  has 
intimated  his  intention  of  investigating  this  point. 

Chlorethoxypropane,  C1CH2-CH2-CH2-OC2H5. 

In  order  to  prepare  this  substance,  chlorobromopropane,  Cl'[CH2]3'Br 
(1  mol.),  was  dissolved  in  a  little  alcohol,  and  the  calculated  quantity 
of  sodium  (1  atom  dissolved  in  12  times  its  weight  of  absolute 
alcohol)  added  in  three  portions,  the  mixture  being  heated  to  boiling 
after  each  addition.  As  soon  as  the  vigorous  action  had  subsided, 
the  product  was  cooled,  mixed  with  twice  its  volume  of  water,  and 
the  oily  layer  extracted  with  ether  ;  the  ethereal  solution  was  washed 
with  water  until  free  from  alcohol,  dried  over  calcium  chloride,  and 
the  whole  slowly  distilled  from  a  flask  fitted  with  a  fractioning 
column. 

After  the  ether  had  passed  over,  a  large  quantity  distilled  between 
40°  and  60°,  consisting,  probably,  principally  of  allylic  chloride. 
The  temperature  then  rose  rapidly  to  130°,  between  which  and  135° 
the  greater  portion  of  the  oil  distilled ;  the  residue,  which  contained 
unchanged  chlorobromopropane,  was  used  in  a  subsequent  prepara- 
tion. The  fraction  130 — 135°  was  again  distilled,  and  the  portion 
boiling  at  132 — 134°  analysed,  with  the  following  result. 

Found. 

• Theory. 

I.  II.  C1-[CH2]3-OC2H5. 

Cl 29-72        29-91  p.  c.  28'97  p.  c. 

These  analyses  were  made  with  different  samples,  and,  from  the 
results,  it  would  appear  that  the  chlorethoxypropane  prepared  in  this 
way  is  not  quite  pure ;  a  qualitative  test  showed  that  the  oil  con- 
tained traces  of  bromine,  due,  doubtless,  to  the  presence  of  small 
quantities  of  bromethoxy propane. 

A  similar  result  was  obtained  by  Gabriel  (Ber.t  25,  417),  who,  in 
preparing  chlorophenoxypropane,  Oi^CIIajs'OCeHi,  from  chloro- 
bromopropane and  sodium  phenate,  found  that  the  product  always 
contained  traces  of  bromine. 
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Chlorethoxypropane  is  a  colourless  oil,  which  is  specifically  heavier 
than,  and  insoluble  in  water,  and  possesses  a  penetrating,  disagree- 
able odour.  As  it  appears  to  undergo  a  variety  of  interesting  decom- 
positions when  treated  with  reagents,  it  is  being  subjected  to  careful 
investigation. 

Chloromethoxypropane,  C1'[CH2]3'0'CH3,  was  prepared  in  a  manner 
similar  to  the  ethoxy-compound,  sodium  methoxide  being  employed 
instead  of  sodium  ethoxide  ;  it  boils  at  116 — 118°.  Analysis. 

Theory. 

Found.  C1-[CH2]3-OCH3. 

Cl 337  per  cent.  327  per  cent. 

The  yield  of  the  ethoxy-compound,  obtained  by  the  method  de- 
scribed above,  was  about  40 — 45  per  cent.,  that  of  the  methoxy- 
compound  about  50 — 60  per  cent,  of  the  theoretical ;  therefore,  in  the 
subsequent  experiments,  the  latter  was  usually  employed. 

Hexamethylene  dibromide,  BrCH2-CH3-CH2-CH2-CH2-CH2Br. 

As  explained  in  the  introduction,  the  yield  of  this  bromide  obtained 
from  Chloromethoxypropane  is  very  small,  and  a  great  many  experi- 
ments were  made,  in  the  hope  of  discovering  more  favourable  con- 
ditions, but  without  satisfactory  results ;  the  actual  method  which 
was  ultimately  adopted  was  the  following. 

20  grams  of  Chloromethoxypropane  was  dissolved  in  about  60  c.c.  of 
carefully  purified  light  petroleum  (b.  p.  50 — 60°),  in  a  flask  connected 
with  a  long  reflux  condenser,  and  heated  to  boiling  on  a  sand  bath. 
The  flame  was  removed,  and  then  potassium  gradually  added  in  small 
pieces,  the  very  violent  action  which  takes  place,  accompanied  by  a 
hissing  sound,  being  allowed  to  subside  before  each  addition.  The 
mixture  soon  begins  to  get  thick,  owing  to  the  separation  of  potassium 
chloride  and  other  salts ;  and  when  the  potassium  is  no  longer  acted 
on,  the  whole  is  heated  to  boiling  for  half  an  hour,  any  unchanged 
metal  being  removed  by  the  cautious  addition  of  alcohol. 

The  product  is  then  poured  into  water,  the  oily  layer  separated, 
washed  with  water,  dried  over  calcium  chloride,  and  carefully  frac- 
tioned,  the  greater  bulk  passing  over  between  100  and  150°  and  contain- 
ing unchanged  chlorethoxy propane ;  this  was  used  in  a  subsequent 
operation. 

The  residue  in  the  retort,  boiling  above  150°,  and  consisting 
apparently,  for  the  most  part,  of  dimethoxyhexane,  CH3O[CH2]6'OCH3, 
was  then  digested  in  a  reflux  apparatus  for  three  hours  with  an  excess 
of  fuming  hydrobromic  acid,  the  dark  coloured  product  poured  into 
water,  the  oily  layer  extracted  with  ether,  dried  over  calcium 
chloride,  the  ether  evaporated,  and  the  residue  heated  in  a  sealed 
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tube  with  fuming  hydrobromic  acid  for  two  hours  at  150 — 160°. 
The  product,  which  formed  two  layers,  was  poured  into  water, 
extracted  as  described  above,  and  the  crude,  dark  coloured  bromide 
fractionated  under  reduced  pressure  (20  mm.)  ;  the  principal  portion, 
distilling  between  125°  and  140°, was  used  in  the  subsequent  ex- 
periments. 

A  sample  of  the  substance,  boiling  at  about  Io7°  (18 — 20  mm.), 
gave  the  following  results,  on  analysis. 

Found. 

, * ^  Theory. 

I.  IT.  Br(CH2)6Br. 

Br 64"3         64'3  per  cent.  65"5  per  cent. 

Hexamethylene  dibromide  is  a  heavy,  colourless  oil,  which  possesses 
the  penetrating  odour  characteristic  of  the  higher  dibromides  in  the 
paraffin  series ;  the  pure  substance  distils  with  slight  decomposition 
under  the  ordinary  pressure.  It  is,  doubtless,  identical  with  the 
liexamethylene  dibromide  which  Salonina  (Ber.,  26,  2987)  obtained 
by  heating  hexamethyleneglycol  diphenyl  ether,  CeHsOECHaJe'OCeHg, 
with  fuming  hydrobromic  acid. 

Hexamethylene  Glycol  or  wwrDihydroxyJiexane,  CH2OH*[CH2]4'CH2OH. 

This  is  produced  when  hexamethylene  dibromide  is  boiled  with 
dilute  potassium  carbonate  solution.  15  grams  of  hexamethylene 
dibromide  (b.  p.  125 — 140°  at  18  mm.)  was  boiled  in  a  flask  connected 
with  a  reflux  condenser  with  50  c.c.  of  water,  small  quantities  of 
potassium  carbonate  being  added  from  time  to  time ;  at  the  end  of 
two  days,  the  oily  dibromide  had  completely  passed  into  solution. 
The  almost  colourless  liquid  was  then  saturated  with  potassium 
carbonate,  extracted  10  times  with  ether,  the  ethereal  solution  dried 
over  anhydrous  potassium  carbonate,  evaporated,  and  the  residual 
thick  oil  submitted  to  distillation ;  almost  the  whole  of  it  distilled 
between  230°  and  240°,  and,  on  refractioning,  the  pure  glycol  was 
obtained,  boiling  at  235—240°. 

Theory. 
Found.  OH-[CH2]6-OH. 

C 60-85  per  cent.  Gl'Ol  per  cent. 

H 11-83         „  11-86 

Hexamethylene  glycol  is  a  colourless  syrup,  possessing  a  very  faint 
odour  and  burning  taste ;  it  is  miscible  with  water  and  alcohol,  and 
distils  under  the  ordinary  pressure  with  very  slight  decomposition, 
thus  showing  no  tendency  to  form  an  internal  anhydride,  as  is  the 
case  with  7-pentylene  glycol,  CH3-CH(OH)-CH2-CH2-CH2-OH  (Trans., 
1887,  51,  836). 
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Action  of  Sodium  on  Hexamethylene  Dibromide. 

10  grains  of  very  finely  divided  sodium  (prepared  by  agitating 
melted  sodium  under  toluene)  and  about  50  c.c.  of  pure  metaxylene 
was  gently  heated  in  a  Wiirtz  distillation  flask  connected  with  a 
water  condenser,  and  then  20  grams  of  hexamethylene  dibromide 
dissolved  in  20  grams  of  metaxylene  was  added  drop  by  drop  from  a 
dropping  funnel ;  the  action  was  sufficiently  vigorous  to  keep  the  whole 
in  rapid  ebullition,  and  about  7  grams  of  a  colourless  oil  distilled 
between  70°  and  100°.  The  distillate  was  repeatedly  fractioned  over 
sodium,  and  in  this  way  about  3  grams  of  a  limpid  liquid  was  obtained 
boiling  at  77 — 80°  ;  on  analysis  it  gave  the  following  results. 
Found.  Theory.  C6H12. 

C 85-03  per  cent.  8571  per  cent. 

H 14-48        „  14-29 

This  hydrocarbon  smells  exactly  like  petroleum  hexane,  and  is  in 
all  probability  identical  with  the  hexamethylene  which  Baeyer 
(Annalen,  278,  111)  prepared  by  reducing  hexamethylene  iodide 
with  zinc-dust  and  acetic  acid,  and  which  boils  at  79°. 

Action  of  Hexamethylene  Dibromide  on  Ethylic  Sodiomalonate. 

In  studying  this  reaction,  3" 9  grams  of  sodium  was  dissolved  in 
50  grams  of  absolute  alcohol,  and  to  the  well-cooled  solution  a 
mixture  of  26  grams  of  ethylic  malonate  and  20  grams  of  hexa- 
methylene dibromide  was  added  all  at  once.  On  gently  heating  the 
clear  liquid  in  a  reflux  apparatus,  the  action  set  in  as  soon  as  the 
alcohol  began  to  boil,  and  was  sufficiently  vigorous  to  keep  the 
whole  in  ebullition  for  some  minutes.  After  heating  for  half  an 
hour,  the  product,  which  was  only  slightly  yellowish,  was  cooled, 
mixed  with  water,  and  the  oil  which  separated  extracted  three  times 
with  ether ;  the  ethereal  solution  was  washed  well  with  water,  dried 
over  calcium  chloride,  and  evaporated,  and  the  residual  oil  (32  grams) 
fractionated  under  reduced  pressure  (40  mm.).  In  this  way,  the  oil 
was  roughly  separated  into  two  fractions  boiling  respectively  at 
130—220°  (15  grams)  and  220—290°  (14  grams). 

The  lower  fraction,  which  contained  unchanged  ethylic  malonate, 
was  hydrolysed  by  digesting  with  excess  of  alcoholic  potash  for  one 
hour,  the  product  mixed  with  water,  evaporated  till  free  from  alcohol, 
acidified  with  sulphuric  acid,  and  extracted  five  times  with  pure 
ether.  The  ethereal  solution  was  dried  over  calcium  chloride,  the 
ether  evaporated,  and  the  syrupy  residue,  after  it  had  been  heated  in 
a  small  distilling  flask  at  200°  until  the  evolution  of  cai'bonic  an- 
hydride had  ceased,  was  distilled.  On  repeatedly  fractionating  the 
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distillate,  about  2  grams  of  an  oily  acid  was  obtained  which  distilled 
at  248  —  250°,  and  on  analysis  gave  the  following  results. 

Found. 

f  -  *  ---  N  Theory. 

I.  II.  C8H1402. 

C  ........      67-41       67-52  per  cent.  67'60  per  cent. 

H  ........       9-62        9-67        „  9'86 

As  explained  in  the  introduction,  this  acid  is  probably  hepta- 
methylenecarboxylic  acid  ;  it  is  a  saturated  acid,  as  is  shown  by  the 
fact  that  its  solution  in  sodium  carbonate  does  not  decolorise  per- 
manganate. It  is  a  colourless,  disagreeably  smelling  oil,  very  spar- 
ingly soluble  in  water,  but  readily  in  solutions  of  the  alkalis  or 
alkali  carbonates.  Unfortunately,  owing  to  the  small  amount  of  the 
acid  at  our  disposal,  we  were  unable  to  analyse  any  of  its  salts. 


Ethy  lie  Octane- 
(COOC2H5)2CH-[CH2]6-CH(COOC2H5)2. 

Synthesis  of  Sebacic  acid,  COOH-[CH2]8-COOH. 

The  portion  of  the  oily  product  of  the  action  of  hexamethylene 
dibromide  on  ethylic  sodiomalonate  which  boils  at  220  —  290°  (40 
mm.),  consisting  principally  of  ethylic  octanetetracarboxylate,  was 
carefully  fractionated,  and  the  fraction  277  —  280°  (40  mm.)  analysed 
with  the  following  result. 

Found.  Theory.  CgoH^Og. 

C  .  ,  ........      58'52  per  cent.  59'  70  per  cent. 

H  ..........       8-74        „  8-46        „ 

The  oil  unfortunately  contained  small  quantities  of  bromine,  which 
accounts  for  the  slight  deficiency  in  carbon  and  hydrogen  in  the 
above  analysis  ;  there  can,  however,  be  no  doubt,  from  the  behaviour 
of  this  ethereal  salt  on  hydrolysis,  that  its  constitution  is  represented 
by  the  formula  given  above.  Ethylic  octanetetracarboxylate  is  a 
very  thick,  almost  colourless  oil  which,  even  after  standing  for  some 
days,  showed  no  signs  of  crystallising.  The  crude  ethereal  salt 
boiling  at  270  —  285°  (40  mm.)  was  hydrolysed  by  boiling  with  a 
large  excess  of  alcoholic  potash  for  two  hours  in  a  reflux  apparatus, 
the  product  was  freed  from  alcohol  by  evaporating  to  dryness, 
dissolved  in  water,  acidified,  and  extracted  five  times  with  pure  ether. 

The  syrupy  residue  left  on  evaporating  the  carefully-dried  ethereal 
solution,  and  which  probably  consisted  of  octanetetracarboxylic  acid, 
was  not  analysed,  but  converted  ai,  once  into  sebacic  acid  by  heating 
at  200°  until  the  evolution  of  carbonic  anhydride  had  ceased.  The 
dark-coloured  oil  solidified  on  cooling  to  a  mass  of  crystals,  which 
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were  first  freed  from  oily  mother  liquor  by  spreading  on  a  porous 
plate,  and  then  repeatedly  recrystallised  from  formic  acid  with  the 
aid  of  animal  charcoal.  In  this  way,  colourless,  nodular  masses  of 
crystals  were  obtained  which  melted  at  125 — 127°,  and  gave  the  fol- 
lowing results  on  analysis. 

Found.  Theory.  C10H18O4. 

C 59-45  per  cent.  59 '40  per  cent. 

H 8-94         „  8-91 

The  silver  salt  was  prepared  by  precipitating  a  neutral  solution  of 
the  ammonium  salt  with  silver  nitrate  ;  the  white,  sparingly-soluble, 
flocculent  precipitate,  after  washing  well  and  drying  at  100°,  gave  the 
following  results  on  analysis. 

Found.  Theory.  C10H16Ag2O4- 

C 29-20  per  cent.  28-84  per  cent. 

H 4-04        „  3-84 

Ag    51-56        „  51-92 

That  this  acid  is  sebacic  acid  was  proved  by  carefully  comparing  it 
with  a  sample  of  this  acid  prepared  from  castor  oil  ;  both  specimens 
melted  at  the  same  temperature,  and  were  exactly  similar  in  all  other 
respects. 

Action  of  Sodium  Ethoxide  and  Iodine  on  Ethylic  Octanetetracarb- 

oxylate. 

Ethylic  octanetetracarboxylate  contains  two  CH  groups,  each  of 
which  is  connected  with  two  COOC2H6  groups,  and  it  should  there- 
fore, when  treated  with  sodium  ethoxide,  form  a  disodium  compound ; 
the  latter,  by  the  action  of  iodine,  might  be  expected  to  yield  the 
ethylic  salt  of  octomethylenetetracarboxylic  acid  thus — 

CH2-CH2-CH2-CNa(COOC2H5)2  CH2-CH2-CH2-C(COOC2H5)2 

CH2-CH2-CH2-CNa(COOC2H6)2  H         ~  CH2-CH2-CH2-C(COOC2H5)2 

+  2NaI, 

st  as  ethylic  butane- tetracarboxylate  and  ethylic  pentane-tetracar- 
boxylate,  under  similar  conditions,  yield  the  corresponding  tetra- 
methylene  and  pentamethylene  derivatives.  In  order  to  test  this,  1'2 
grams  of  sodium  was  dissolved  in  5  grams  of  absolute  alcohol,  10 
grams  of  ethylic  octanetetracarboxylate  dissolved  in  about  50  c.c. 
of  pure  ether  added,  when  a  sticky  sodium  compound  separated  out 
and  adhered  firmly  to  the  bottom  of  the  flask  containing  the  mixture  ; 
6"3  grams  of  iodine  dissolved  in  ether  was  then  poured  in  in  small 
quantities  at  a  time,  and  this,  on  shaking,  was  rapidly  decolorised  ; 
indeed,  in  order  to  obtain  a  permanent  coloration,  it  was  found 
necessary  to  add  6  grams  more  of  iodine.  The  product  was  mixed 
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with  water,  the  dark-coloured  ethereal  solution  separated,  and 
washed  with  a  little  sodium  bisulphite,  but  it  was  found  that  as 
soon  as  the  solution  had  become  colourless  it  rapidly  began  to 
turn  brown  again,  evidently  owing  to  separation  of  iodine.  The 
ethereal  solution  was  therefore  separated,  dried  over  calcium  chloride, 
and  evaporated,  when  14'5  grams  of  a  dark  brown  oil  remained 
containing  much  iodine.  This  was  hydrolysed  by  boiling  with 
excess  of  alcoholic  potash,  and  the  product,  after  the  removal  of 
alcohol  by  evaporation,  dissolved  in  water  and  acidified  with  hydro- 
chloric acid;  this  caused  the  precipitation  of  a  yellowish,  semi- 
crystalline  mass,  which  was  collected,  washed  with  water  containing 
sulphuric  acid,  and  recrystallised  from  formic  acid.  In  this  way,  a 
considerable  quantity  of  a  colourless,  crystalline  acid  was  obtained 
which  melted  at  about  125°,  and,  on  analysis,  proved  to  be  sebacic 
acid. 

Found.  Theory.  C10H18O4. 

C 59*41  per  cent.  59 '40  per  cent. 

H 9-10        „  8-91         „ 

Similar  results  were  obtained  in  attempting  to  prepare  derivatives 
of  heptamethylene  from  ethylic  heptanetetracarboxylate  (Trans., 
1894,  55,  105)  and  from  ethylic  isoctanetetracarboxylate  (Trans., 
1888,  53,  220),  in  all  cases  much  more  than  the  calculated  quantity 
of  halogen  was  required  before  the  action  was  complete,  and  the 
products  of  the  reaction,  on  hydrolysis,  gave  acids  derived  from  the 
unchanged  ethereal  salts  and  not  derivatives  of  closed  carbon 
chains. 

It  is  very  difficult  to  understand  what  actually  takes  place  in  these 
reactions. 

Chemical  Laboratory, 
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cis-  and  trans-Hexahydro-orthotoluic  acids. 
By  W.  GOODWIN  and  W.  H.  PERKIN,  jun. 

SOME  time  since,  one  of  us,  in  conjunction  with  P.  C.  FREER  (Trans., 
1888,    53,    208),    prepared   a    methylhexamethylenecarboxylic   acid 

CH2 


H2 

(hexahydro-orthotoluic  acid),  |  ,  from  the  product  of 

H2C     CH-COOH 

v 

CH2 

the  action  of  methylpentamethylene  dibromide, 

CH3-CHBr-CH2-CH2-CH2-CH2Br, 

on  the  sodium  derivative  of  ethylic  malonate,  and  described  it  as  a 
colourless  oil  boiling  at  235 — 236°. 

Recently  Markownikoff  (/.  pr.  Chem.,  1894,  49,  65)  has  studied  the 
reduction  products  of  orthotoluic  acid,  obtained  by  treating  a  boiling 
solution  of  the  acid  in  amylic  alcohol  with  a  large  excess  of  sodium, 
and  has  isolated  a  hexahydro-orthotoluic  acid,  which  boils  at  240°, 
and  solidifies  readily  on  cooling,  the  pure  acid  melting  at  50 — 52°  ;  no 
mention  whatever  is  made  of  the  work  of  Perkin  and  Freer,  the 
author  being  apparently  ignorant  of  its  existence. 

The  wide  difference  in  properties  between  the  synthetical  acid  and 
the  acid  obtained  by  reduction  made  it  desirable  that  the  whole 
subject  should  be  reinvestigated,  with  a  view  of  determining  whether 
these  acids  are  in  reality  isomeric,  and  if  so,  what  the  nature  of  the 
isomerism  is  ;  with  this  object  in  view,  we,  in  the  first  place,  prepared 
Markownikoff's  acid,  following  this  author's  directions  as  closely  as 
possible. 

As  the  result  of  a  careful  examination  of  this  acid,  we  are  able  to 
confirm  his  description  of  its  properties  in  every  particular.  Perhaps 
the  most  important  property,  in  view  of  the  present  question  of 
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isomerism,  is  the  ease  with  which  the  acid  solidifies  after  distillation, 
even  when  not  quite  pure.  We  prepared  also  the  anilide  of  the  acid, 
CvH^'CONH'CeHj,  which  has  not  hitherto  been  described,  in  order  to 
compare  it  with  the  anilide  of  the  synthetical  acid ;  it  crystallises 
beautifully  from  light  petroleum,  and  melts  at  148°. 

In  discussing  the  question  of  the  isomerism  of  these  two  acids,  it 
will  be  necessary  to  show,  in  the  first  place,  that  the  acid  described 
by  Freer  and  Perkin  is  a  hexahydro-orthotoluic  acid,  and  therefore 
structurally  identical  with  Markownikoff's  acid,  and,  in  order  to  do 
this,  it  will  be  well  to  give  briefly  the  method  by  which  it  was 


The  starting  point  in  the  synthesis  is  acetobutylic  alcohol.  This 
is  prepared  by  digesting  methyldehydrohexonecarboxylic  acid  with 
water  as  long  as  carbon  dioxide  is  evolved  (Trans  ,  1889,  51,  718), 
when  the  following  decomposition  takes  place. 

CH3-C-0-CH2  CH3-CO 

COOH-<>CH3.CH2  CH2-CH2.CH2.OH 

That  the  ketonic  alcohol  obtained  is,  in  reality,  acetobutylic  alcohol, 
is  proved  by  its  behaviour  on  oxidation  ;  chromic  acid  converting  it, 
in  the  first  place,  into  acetobutyric  acid,  CH3-CO-CH2-CH2-CH2-COOH, 
which,  on  further  oxidation,  yields  acetic  and  succinic  acids  (loc.  cit., 
p.  719). 

Acetobutylic  alcohol  is  readily  reduced  by  sodium  amalgam,  form- 
ing a-hexylene  glycol  CH3-CH(OH)-CH2-CH2-CH2-CH2-OH,  from 
which,  by  the  action  of  fuming  hydrobromic  acid,  6-hexylene  di- 
bromide  is  obtained  ;  the  latter,  judging  from  the  manner  in  which  it 
is  formed,  evidently  must  be  represented  by  the  formula 

CH3-CHBr-CH2-CH2-CH2-CH2Br. 

If,  now,  the  sodium  derivative  of  ethylic  malonate  be  digested  with 
this  dibromide,  an  action  will  take  place  readily,  ethylic  methylhexa- 
methylene  dicarboxylate  being  produced  thus 

2CHNa(COOEt)2  +   CH3-CHBrCH2-CH2-CH2-CH2Br  = 


This  ethereal  salt,  on  hydrolysis,  yields  the  corresponding  dibasic 
acid,  which,  when  distilled,  is  decomposed  with  formation  of  methyl- 
hexamethylenecarboxylic  acid  or  hexahydro-orthotoluic  acid. 
CH2-CH2-CH-CH3  CH2-CH2-CH-CH3 

CH2-CH2-C(COOH)2  "=  CH2-OH2-CH-COOH  H 

If  this  synthesis  be  carefully  considered,  it  is  difficult  to  see  how 
the  acid  obtained  can  possibly  have  any  other  constitution  tbau  that 
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of  a  hexahydro-orthotoluic  acid  ;  unless,  indeed,  it  be  an  unsaturated 
acid.  This  alternative  has  already  been  discussed  (Trans.,  1888,  53, 
208),  and  it  was  shown  that  the  magnetic  rotation  of  the  acid  clearly 
proves  that  it  cannot  be  unsaturated  ;  this  has  since  been  confirmed 
by  the  discovery  that  the  sodium  salt  of  the  acid  does  not  decolorise 
potassium  permanganate  (Baeyer,  Annalen,  1888,  245,  148). 

The  anilide  of  the  synthetical  acid,  C7H13CONH-C6H8,  melts  at 
66—68°,  and  differs  in  its  properties  widely  from  the  anilide  ob- 
tained by  Markownikoff,  which,  as  already  stated,  melts  at  148°. 

Frora  the  above  statement  it  must  be  assumed  that  the  synthetical 
acid  and  Markownikoff  's  hexahydro-orthotoluic  acid  are  structurally 
identical;  obviously  then  the  cause  of  the  well-marked  isomerism 
must  be  sought  in  other  than  purely  chemical  reasons. 

A  careful  examination  of  the  formula  of  hexahydro-orthotoluic 
acid  indicates  at  once  that  this  acid,  like  hexahydrophthalic  acid,  may 
exist  in  two  stereoisomeric  modifications 


H2      ncOOH  Ha^H 

HACOOH  C001IA1I 

cu-Hexahydrophthalic  acid.  tfrans-Hexahydrophthalic  acid. 


H2/ 


COOHX  XH 
cw-Hexahydro-orthotoluic  acid.  ^raws-Hexahydro-ortliotoluic  acid. 

The  two  modifications  of  hexahydrophthalic  acid  (Baeyer,  Annalen, 
1890,  258,  169)  are  well  defined,  and  it  is  improbable  that  the  sub- 
stitution of  a  methyl  or  other  alkyl  group  for  one  carboxyl  group  in 
this  acid  would  greatly  affect  the  conditions  of  isomerism,  because 
crotonic  acid,  CH3*CH!CH*COOH,  and  cinnamic  acid, 

C6H5-CH:CH-COOH, 

which  are  derived  from  fumaric  acid  in  this  way,  exist  in  stereo- 
isomeric forms. 

In  connection  with  this  point,  it  is  interesting  to  note  that  Baeyer 
and  Eassow  (Annalen,  1894,  282,  139)  have  lately  shown  that  para- 
phenylhexahydrobenzoic  acid,  like  hexahydroterephthalic  acid,  exists 
in  two  well-defined  stereoisomeric  modifications  which  melt  at 
111—113°  and  202°  respectively. 
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H/XCOOH  COOH/XH 

citf-jo-Phenylhexahydrobenzoic  acid.  #ra»s-jp-Phenylhexahydrobenzoic  acid. 

These  acids  are  partially  convertible  into  one  another  by  heating 
with  hydrochloric  acid ;  in  any  case,  whether  the  acid  of  high  melting 
point  or  of  low  melting  point  is  used  in  the  experiment,  a  condition 
of  equilibrium  results,  when  the  product  contains  90  per  cent,  of  the 
former  and  10  per  cent,  of  the  latter. 

In  order  to  show,  if  possible,  that  the  difference  in  properties 
between  the  two  hexahydrotoluic  acids  was  due  to  stereoisomerism, 
each  was  heated  with  hydrochloric  acid  at  200°,  but  without  any 
apparent  change,  as  the  solid  acid  after  this  treatment  and  subsequent 
refractionation  again  solidified  almost  completely,  and  the  liquid  acid 
after  similar  treatment,  even  when  allowed  to  remain  for  some  time 
at  — 10°  in  contact  with  a  crystal  of  the  solid  acid,  showed  no  signs  of 
crystallisation.  The  same  result  was  always  obtained  whenever  the 
acids  were  heated,  either  with  hydrochloric  acid  or  with  quinoline,  at 
various  temperatures  and  under  various  conditions. 

Ultimately  it  was  found  that  the  solid  acid,  although  crystallising 
with  such  facility  when  pure,  if  mixed  with  small  quantities  of  the 
liquid  acid,  does  not  solidify  at  all  at  — 10°,  and  therefore  if,  in  the 
above  experiments,  a  partial  change  of  the  one  isomeride  into  the 
other  had  taken  place,  the  detection  of  the  change  by  freezing  ex- 
periments would  scarcely  be  possible;  the  conversion  of  the  liquid 
acid  into  the  solid  acid  was  ultimately  proved  to  have  taken  place  in 
the  following  manner.  A  small  quantity  of  the  liquid  acid  which  had 
been  twice  heated  with  hydrochloric  acid  at  200°,  and  subsequently 
boiled  with  quinoline  for  two  days,  was  converted  into  the  acid 
chloride  by  means  of  phosphorus  pentachloride,  and  from  this  the 
anilide  was  prepared.  The  crystalline  product  showed  no  definite 
melting  point,  but  on  repeated  treatment  with  small  quantities  of  cold 
ether,  the  melting  point  gradually  rose  until  ultimately  the  residual 
colourless  substance  melted  at  143 — 145°,  and  consisted  of  the  nearly 
pure  anilide  of  the  solid  acid,  which,  as  stated  above,  melts  at  148°. 

This  anilide  was  now  decomposed  by  heating  with  hydrochloric 
acid,  and  the  regenerated  acid  distilled;  on  cooling,  the  distillate 
at  once  solidified,  in  the  manner  characteristic  of  the  solid  acid, 
and,  after  purification,  the  crystals  melted  at  47 — 49°  instead  of  at 
50—52°. 

It  is  clear,  then,  that  hexahydro-orthotoluic  acid  exists  in  two  stereo- 
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isomeric  forms,  and  that  the  liquid  modification  obtained  by  synthesis, 
when  treated  as  described  above,  is  converted  into  the  solid  modifi- 
cation obtained  by  Markownikoff  by  the  reduction  of  orthotoluic  acid. 
It  is  of  course  not  possible  to  be  certain  which  of  the  agents  used 
actually  brought  about  the  change  ;  in  all  probability  it  was  due  to 
the  action  of  the  hydrochloric  acid,  but  this  is  a  matter  of  small 
importance. 

There  is  some  reason  for  believing  that  the  solid  acid  also  is,  to  a 
small  extent,  converted  into  the  liquid  acid  by  treatment  with  hydro- 
chloric acid,  as  the  product  after  fractionation  melts  below  30°,  due 
to  the  crystals  containing  a  small  quantity  of  an  oily  substance,  which 
is  readily  removed  in  contact  with  porous  porcelain ;  the  quantity 
converted,  however,  is  certainly  very  small.  As  the  solid  acid  is 
much  more  stable  towards  hydrochloric  acid  than  the  liquid  acid,  it 
is  probably  the  £raws-modification,  the  latter  being  the  ci's-modifica- 
tion  ;  and  this  method  of  distinguishing  the  isomerides  has  been 
adopted  in  the  following  pages. 

trans-Hexahydro-orthotoluic  acid. 


Markownikoff  (/.  pr.  Chem.,  1894,  49,  65)  prepared  this  acid  by 
reducing  orthotoluic  acid  in  boiling  amylic  alcohol  solution  with 
excess  of  sodium.  As  considerable  quantities  of  this  acid  were 
required  for  the  experiments  described  in  this  paper,  about  100  grams 
of  pure  orthotoluic  acid  were  reduced  in  portions  of  25  grams  at  a 
time,  each  quantity  being  four  times  treated  with  sodium  and  amylic 
alcohol,  the  details  of  the  operations  being  the  same  as  recommended 
by  Markownikoff. 

On  fractionating  the  combined  products,  a  considerable  quantity 
passed  over  below  200°,  the  thermometer  then  rose  rapidly  to  230°, 
and  between  this  temperature  and  245°  the  whole  distilled  as  a 
colourless  oil,  which  solidified  on  standing. 

The  crystals,  after  being  freed  from  oily  matter  by  contact  with 
porous  porcelain,  were  purified  by  treatment  with  permanganate  and 
recrystallisation  from  benzene,  as  recommended  by  Markownikoff ; 
the  colourless,  crystalline  product  melted  at  50 — 52°,  and,  on  analysis, 
gave  the  following  results. 
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Found. 

£  IL  Theory.  C8Hi,O2. 

C  ........      67-55         67-40  per  cent.  67'61  per  cent. 

H  ........       9-89          9-86        „  9'86 

This  acid  has  all  the  properties  ascribed  to  it  by  Markownikoff  ;  it 
boils  at  240  —  241°,  and,  excepting  for  the  facility  with  which  it 
crystallises  at  ordinary  temperatures,  it  resembles  closely  the  c^s-acid, 
which  boils  at  236'5—  237°. 


Anilide  of  trans-Jiexahydro-ortTiotoluic  acid, 

In  order  to  prepare  this  substance  for  comparison  with  the  anilide 
of  the  c^-aeid,  the  pure  trans-acid  was  digested  in  a  reflux  apparatus 
with  excess  of  pure  aniline  for  three  days.  The  product,  which  con- 
tained a  quantity  of  crystals,  was  dissolved  in  ether,  and  the  ethereal 
solution  after  being  washed,  first  with  dilute  hydrochloric  acid  and 
then  with  sodium  carbonate,  was  dried  over  anhydrous  potassium 
carbonate  and  evaporated  ;  the  residue,  which  rapidly  solidified,  was 
spread  on  a  porous  plate,  and  subsequently  recrystallised  from  a 
mixture  of  benzene  and  light  petroleum,  with  the  aid  of  animal  char- 
coal. After  repeated  recrystallisation,  the  melting  point  remained 
constant  at  148°  and  the  following  results  were  obtained  on  analysis. 

Found.  Theory.  C14H19NO. 

N  ........      6"59  per  cent.  6*45  per  cent. 

The  anilide  of  ircms-hexahydro-orthotoluic  acid  crystallises  from  a 
mixture  of  benzene  and  light  petroleum  in  glistening  plates  with  a 
slight,  bluish  fluorescence,  somewhat  similar  to,  but  much  less  pro- 
nounced than  that  of  anthracene  crystals.  It  is  sparingly  soluble  in 
ether  and  light  petroleum,  readily  in  alcohol  or  benzene,  but  in- 
soluble in  water  ;  when  heated  in  small  quantities,  it  distils  without 
decomposition. 

As  it  appeared  possible  that,  in  reducing  orthotoluic  acid,  the  cis- 
acid  might  have  been  formed  along  with  the  trans-acid,  the  liquid 
products  of  the  action,  which  are  always  present  in  considerable 
quantity,  were  carefully  investigated;  the  porous  plate,  which  had 
been  used  in  the  purification  of  the  trans-acid,  was  extracted  with 
ether  in  a  Soxhlet  apparatus,  and  the  combined  acids  submitted  to 
careful  fractionation  in  a  Wiirtz  flask  fitted  with  a  long  neck. 

In  this  way,  a  disagreeably  smelling  acid  was  obtained,  which 
boiled  at  176°,  and  consisted  of  nearly  pure  iso  valeric  acid. 

Found.  Theory.  C4H9-COOH. 

C  ......  .  ,      59-45  per  cent.  58'82  per  cent. 

H  .....       9-87  9-80 
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This  acid  is  probably  produced  by  the  oxidation  of  the  sodium 
isoaxnylate  formed  during  the  above  reduction,  and  is  apparently 
always  present  in  small  quantity  in  the  products  of  similar  reduc- 
tions, as  both  Rassow  and  Markownikoff  observed  the  presence  of  a 
disagreeably  smelling  acid  in  their  products.  As  soon  as  the  valeric 
acid  had  passed  over,  the  temperature  rose  rapidly  to  235°,  and  the 
distillate  boiling  at  235  —  245°  again  became  almost  solid.  The  oily 
matter  removed  from  the  crystals,  as  before,  on  further  purification, 
also  solidified,  so  that  apparently  the  only  product  of  the  reduction 
of  orthotoluic  acid  by  sodium  and  amylic  alcohol  is  £rflms-hexahydro- 
orthotoluic  acid. 

cis-Hexafy/dro-orthotoluic  acid  (Methylhexamethylenecarboxylic  acid). 


HCOOH 

The  method  adopted  in  preparing  this  acid  was  similar  to  that 
employed  by  Freer  and  Perkin  (Trans.,  1888,  53,  206),  one  or  two 
slight  modifications  being  introduced  in  purifying  the  product. 

Ethylic  methylhexamethylene  dicarboxylate  was  first  synthesised 
by  heating  methylpentamethylene  dibromide  (115  grams)  with  ethylic 
malonate  (160  grams)  and  sodium  ethoxide  (23  grams  of  sodium)  in 
a  reflux  apparatus  for  10  hours.  The  ethereal  salt,  isolated  in  the 
usual  manner,  was  carefully  fractioned,  and  the  portion  boiling  at 
260  —  265°,  and  which,  as  before,  contained  traces  of  bromine,  hydro- 
lysed  by  boiling  it  with  twice  the  calculated  quantity  of  alcoholic 
potash  for  five  hours.  The  product,  freed  from  every  trace  of  alco- 
hol by  repeated  evaporation  with  water,  was  cooled,  acidified,  and 
extracted  three  times  with  ether  which  had  been  purified  by  repeated 
distillation  over  sodium;  the  ethereal  solution  was  then  dried  over 
calcium  chloride,  evaporated,  and  the  oily  residue  allowed  to  stand  in 
a  cool  place  for  six  weeks,  over  sulphuric  acid  in  a  vacuum.  At  the 
end  of  that  time,  the  crystals  were  collected  by  means  of  the  pump, 
freed  completely  from  the  thick,  oily,  mother  liquor  by  contact  with 
porous  porcelain,  and  then  recrystallised  twice  from  water.  An 
analysis  showed  that  the  crystals  were  pure  methylhexamethylene 
dicarboxylic  acid. 

Found.  Theory.  C9H]4O4. 

C  ........      58-10  per  cent.  58'06  per  cent. 

H,  ,  7-68  7'53 
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Methylhexamethylenedicarboxylic  acid  melts  at  about  147°,  and, 
although  its  properties  have  already  been  given  (loc.  cit.,  p.  208),  we 
may  here  add  that  the  solution  of  the  sodium  salt  does  not  decolorise 
permanganate,  thus  precluding  the  possibility  of  the  acid  being  un- 
saturated. 

In  order  to  obtain  the  monocarboxylic  acid,  the  pure  dibasic  acid 
was  distilled,  arid  the  oily  distillate  carefully  fractioned  ;  the  greater 
portion  boiled  at  236' 5 — 237°  (the  boiling  point  previously  given 
was  235 — 236°)  ;  but  all  attempts  to  obtain  this  acid  in  a  crystalline 
condition  by  leaving  it  in  a  freezing  mixture  in  contact  with  a  crystal 
of  the  trans-acid  were  fruitless. 

On  testing  the  acid  with  permanganate  in  alkaline  solution,  a  slight 
action  was  noticed ;  in  order,  therefore,  to  still  further  purify  the 
product,  it  was  dissolved  in  a  dilute  solution  of  sodium  carbonate, 
cooled  with  ice,  excess  of  permanganate  added,  and  the  mixture 
allowed  to  stand  for  half  an  hour.  The  permanganate  was  then 
destroyed  by  alcohol,  the  liquid  filtered,  evaporated  nearly  to  dryness, 
and  the  acid  isolated  and  fractioned  as  before ;  it  again  boiled  con- 
stantly at  236'5 — 237°,  but,  on  cooling,  showed  no  signs  of  crystal- 
lising. 

On  analysis  it  gave  numbers  agreeing  closely  with  those  required 
by  the  formula  of  hexahydro-orthotoluic  acid. 
Found. 


I.  II.  Theory.  C8H14O2. 

C 67-52         67-50  per  cent.  67'61  per  cent. 

H 9-81  9-92        „  9-86        „ 

These  analyses  were  carried  out  with  the  products  from  two  distinct 
preparation  s. 

Anilide  of  cis-hexakydro-orthotoluic  acid,  C7H13*COfNH'C6H5. — This 
characteristic  derivative  was  prepared  by  boiling  the  purified  acid 
with  a  considerable  excess  of  aniline  for  three  days  in  a  reflux 
apparatus ;  the  dark  coloured  product  was  dissolved  in  ether,  and 
after  being  washed  well,  first  with  dilute  hydrochloric  acid  and  then 
with  sodium  carbonate  solution,  it  was  dried  over  anhydrous  potas- 
sium carbonate,  evaporated,  and  the  residual  brownish  oil  allowed  to 
stand  over  sulphuric  acid  in  a  vacuum  until  it  had  completely 
solidified. 

This  product  differs  in  its  properties  in  a  marked  manner  from  the 
corresponding  anilide  of  the  trans-acid,  it  has  little  facility  for  crys- 
tallising, and  separates  from  most  solvents  in  the  form  of  an  oil.  The 
best  way  of  purifying  it  is  to  dissolve  the  dark  coloured,  crystalline 
mass  in  a  large  quantity  of  boiling  light  petroleum  (b.  p.  50 — 60°), 
and  after  digesting  the  solution  with  purified  animal  charcoal  until  the 
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colour  becomes  pale  yellow,  to  filter  and  allow  the  solution  to  evaporate 
at  the  ordinary  temperature,  when  the  anilide  rapidly  separates  in 
long,  colourless,  silky  needles.  These  crystals  were  collected,  re- 
cr.ystallised  from  light  petroleum,  and  analysed  with  the  following 

result. 

Found.  Theory.  C14H19NO. 

N 6*43  per  cent.  6'45  per  cent. 

e  anilide  of  cw-hexahydro-orthotoluic  acid  melts  at  66 — 68°. 
It  is  readily  soluble  in  ether,  alcohol,  chloroform,  and  benzene,  very 
sparingly  in  cold  light  petroleum,  and  almost  insoluble  in  water. 
When  rapidly  heated  in  small  quantity,  it  distils  apparently  without 
decomposition,  yielding  an  oily  distillate,  which  solidifies  only  very 
slowly,  even  in  contact  with  a  crystal  of  the  pure  substance. 


res 

; 


Conversion  of  cis-Hexahydro-orthotoluic  acid  into  tr&ns-Hexahydro- 
orthotoluic  acid. 


As  explained  in  the  introduction,  considerable  difficulty  was 
experienced  in  experimentally  proving  this  isomeric  change,  owing  to 
the  fact  that  small  quantities  of  the  oily  cis-acid  are  sufficient  to 
prevent  the  solid  tfrcms-acid  from  crystallising  even  when  the  mixture 
is  cooled  to  —10°. 

In  the  first  experiments,  the  pure  cis-acid  was  heated  with  concen- 
trated hydrochloric  acid  in  a  sealed  tube  for  five  hours  at  190 — 200°, 
the  slightly  brownish  product  was  poured  into  water,  and  the  oily 
acid  extracted  with  ether;  the  ethereal  solution  was  dried  over 
calcium  chloride  and  fractionated,  when  the  whole  distilled  be- 
tween 236°  and  238°  as  a  colourless  oil,  which,  even  at  —10°, 
in  contact  with  a  crystal  of  the  trans-acid,  showed  no  signs  of 
crystallisation.  This  same  sample  was  then  again  heated  with 
hydrochloric  acid,  but  even  after  this  second  treatment  it  did 
not  crystallise.  The  acid  was  then  boiled  with  four  times  its 
volume  of  pure  quinoline  in  a  reflux  apparatus  for  three  days, 
the  product  digested  with  hydrochloric  acid,  and  distilled  in  a 
current  of  steam  ;  the  distillate  was  extracted  with  ether,  and  the 
acid  distilled,  when  again  the  whole  of  it  passed  over  between  236° 
and  238°,  but  showed  no  signs  of  crystallising  after  standing  in  con- 
tact with  a  crystal  of  the  trans-acid  at  —10°  for  half  an  hour.  In 
order  to  determine  whether  any  change  had  taken  place,  the  acid  was 
converted  into  the  acid  chloride  by  treating  it  with  the  calculated 
quantity  of  phosphorus  pentachloride,  and  the  oxychloride  removed 
by  passing  a  current  of  dry  air  through  the  mixture  heated  at  100° 
under  50  mm.  pressure.  The  oily  residue  was  then  poured  into  pure 
aniline,  and  after  the  excess  of  the  latter  had  been  removed  by 
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shaking  the  ethereal  solution  of  the  product  with  dilute  hydrochloric 
acid,  it  was  dried  over  calcium  chloride,  and  evaporated,  and  the 
anilide,  which,  on  standing,  became  nearly  solid,  was  spread  on  a 
porous  plate  and  allowed  to  remain  until  free  from  oily  mother 
liquor.  As  the  nearly  colourless  residue  had  no  definite  melting  point, 
it  was  ground  up  and  extracted  repeatedly  with  small  quantities  of 
cold  ether ;  in  this  way  a  crystalline  product  was  obtained  which 
melted  at  143 — 145°,  and  showed  all  the  properties  of  the  anilide  of 
tfrcms-hexahydro-orthotoluic  acid,  melting  at  148°. 

When  this  anilide  was  heated  with  hydrochloric  acid  in  a  sealed 
tube  at  180°  for  one  hour,  the  contents  of  the  tube  extracted  with  pure 
ether,  the  ethereal  solution  washed  with  water,  dried  over  calcium 
chloride,  and  evaporated,  an  oily  acid  was  left ;  this  after  being  freed 
from  ether  by  passing  a  current  of  dry  air  over  it,  was  distilled  and 
cooled  to  0°,  when  it  solidified  almost  completely.  The  crystalline  mass, 
left  in  contact  with  porous  porcelain  until  free  from  oil,  melted  at 
41 — 44°,  and  after  remelting  and  pressing  between  blotting  paper, 
the  melting  point  rose  to  47 — 49° ;  the  melting  point  of  trans-hexa- 
hydro-orthotoluic  acid  being  50 — 52°.  There  can,  therefore,  be  no 
doubt  that  during  the  treatment  described  above,  the  liquid  cis- 
hexahydroorthotoluic  acid  had  been  converted  into  the  stereo- 
isomeric  ^raws-modification. 

The  pure  trans-acid  was  treated  in  exactly  the  same  way  as  de- 
scribed above  in  the  case  of  the  c^s-acid,  when  the  product  did  not 
solidify  until  distilled,  and  even  then  not  completely,  as  the  crystals 
contained  small  quantities  of  an  oily  impurity  readily  removed  by 
contact  with  porous  porcelain  ;  possibly  this  oily  substance,  which 
was  present  only  in  very  small  quantity,  is  the  cz's-acid,  but  this 
could  not  bo  satisfactorily  proved,  owing  to  lack  of  material. 

Owens  College  Chemical  Laboratory, 
Manchester. 
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Synthesis  of  indene,  hydrindene,  and  some  of  their  derivatives. 
By  W.  H.  PEEKIN,  Jnn.,  Ph.D.,  F.R.S.,  and  G.  REVAY,  Ph.D. 

SOME  time  since  (Ber.,  17,  125  ;  compare  Trans.,  1888,  53,  1),  it  was 
shown  by  v.  Baeyer  and  one  of  us  that  ortho-xylylene  dibromide  and 
ethylic  sodiomalonate  react  readily,  forming  sodium  bromide  and 
ethylic  hydrindenedicarboxylate,* 

2CHNa(COOC2H5)2  +  C6H4<^2J^  = 

5)2  +  CH2(COOC2H5)2  +  2NaBr. 


Hydrindenedicarboxylic  acid  is  readily  obtained  from  this  ethereal 
salt  on  hydrolysis,  and,  when  heated  at  200°,  the  acid  loses  1  mol. 
C02,  being  converted  into  hydrindenecarboxylic  acid. 

*  Formerly  called  ethylic  hydrindonaphtenecarboxylate. 

b 
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No  further  derivatives  of  hydrindene,  C6H4<Q£|^>CH2,  or  of  the 

f^TT 
corresponding   unsaturated    hydrocarbon,   indene,    CeH^pTr  ^>CH, 

were  obtained  until  the  year  1886,  when  Zincke  and  his  pupils 
showed  that  naphthaquinone  derivatives  might  be  converted  into 
indene  derivatives.  Dichloro-/3-naphthaquinone,  for  example,  is  con- 
verted by  alkalis  into  indenedichlorohydroxycarboxylic  acid, 


CO  -CO  ,COH 

4 


nrr 

CeH4<;cci:cci 


C(OH)'COOH 


and  this  acid,  when  oxidised  with  chromic  acid,  yields  a-ketodichlor- 

CO 
indene, 


Similarly  constituted  indene  derivatives  were  subsequently  obtained 
by  Roser  (J5er.,  1887,  20,  1273)  from  dibromocinnamic  acid  by  means 
of  sulphuric  acid, 

C6H5-CBr:CBr-COOH  -  H20  = 


These  two  syntheses  were  the  first  which  yielded  derivatives  of 
indene  ;  and  the  former  is  especially  remarkable  as  illustrating  the 
possibility  of  converting  a  6-carbon  ring  into  a  5-carbon  ring,  the 
naphthalene  derivative  being  converted  into  an  indene  derivative; 
this  curious  change  takes  place  apparently  with  the  greatest  readi- 
ness in  the  case  of  derivatives  of  /3-napbthaquinone. 

At  a  later  date,  Roser*  (Annalen,  247,  157)  studied  the  action  of 
sulphuric  acid  on  ethylic  benzylacetoacetate,  and  showed  that 
indene  derivatives  were  formed  thus, 

C,H,OH. 


The  carboxylic  acid  thus  obtained,  which  Roser  named  <y-methyl- 
indene-y3-carboxylic  acid,  when  heated  alone,  or,  better,  with  soda- 

lime,  yields  <y-methylindene,   CsH^^^p^CH,  the  first  hydro- 

carbon of  the  indene  series  which  had  been  prepared.  Subsequently 
several  other  general  methods  were  discovered,  by  which  a  great 
variety  of  indene  and  hydrindene  derivatives  could  be  synthetically 
obtained  ;  but  it  would  take  up  too  much  space  to  mention  these 
here. 

Kramer  and  Spilker  (Ber.,  17,  125),  in  the  course  of  a  series  of 

*  Compare  v.  Pechmann  (Ber.t  16,  616). 
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very  interesting  researches  on  some  coal-tar  products,  succeeded  in 
isolating  from  the  fraction  of  coal  tar,  boiling  at  176  —  182°,  a  hydro- 
carbon, C9H8,  which  on  oxidation  yielded  phthalic  acid,  and  which 

/~1TT 

was  evidently  indene,  C6H4<prT  5>CH  ;  by  reducing  this  hydro- 
carbon with  sodium  and  alcohol  they  prepared  hydrindene, 


a  hydrocarbon,  which  they  subsequently  showed  to  be  also  contained 
in  coal  tar. 

The  hydrindene  thus  obtained  is  the  parent  substance  of  the  hydr- 
indenecarboxylic  acid  obtained  from  ortho-xylene,  as  explained  above; 
and,  as  we  were  engaged  in  a  detailed  investigation  of  this  acid,  it 
occurred  to  us  that  it  would  be  interesting  to  endeavour  to  prepare  a 
hydrocarbon  from  the  acid,  and  then  to  compare  it  with  the  hydr- 
indene obtained  from  coal  tar. 

The  acid  was  decomposed  in  two  ways,  namely,  by  heating  the 
barium  salt  alone,  and  by  heating  a  mixture  of  the  barium  salt  with 
sodium  methoxide  (compare  Mai,  Ber.,  22,  2133)  ;  .in  both  cases  we 
obtained  a  considerable  quantity  of  hydrocarbon,  which,  however, 
proved  to  be  indene,  and  not  hydrindene,  the  decomposition  of  the 
acid  evidently  taking  place  thus, 

C6H4<™22>CH-COOH  =  C6H4<^2>CH  +  C02  +  H2. 

The  hydrocarbon,  thus  synthetically  prepared,  yielded  hydrindene 
on  reduction  ;  and  both  these  hydrocarbons  showed  the  closest  re- 
semblance to  the  substances  of  similar  composition,  isolated  from 
coal  tar  by  Kramer  and  Spilker. 

A  careful  examination  of  the  physical  properties  of  the  indene 
from  coal  tar,  and  of  synthetical  indene,  gave  results  which  show,  as 
we  believe,  that  the  two  substances  are  not  identical,  although  they 
have  the  same  boiling  point  and  show  exactly  the  same  chemical 
behaviour. 

Indene  from  coal  tar  has  a  sp.  gr.  d  4°/4°  =  T0539,  and  the  mag- 
netic rotation  15'IOQ;*.  the  sp.  gr.  of  synthetical  indene,  determined 
under  similar  conditions,  was  1'0059,  and  the  magnetic  rotation 
16-200. 

Unfortunately,  the  various  samples  of  coal  tar  indene  which  Dr. 
Spilker  kindly  sent  us  did  not  give  very  constant  results  on  examina- 
tion ;  but  in  all  cases  the  density  was  much  greater,  and  the  magnetic 
rotation  much  less,  than  the  values  found  in  the  case  of  synthetical 
indene. 

*  These  numbers  are  the  average  of  the  results  obtained  with  two  distinct 
samples. 

6  2 
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Apparently,  then,  the  two  substances  are  not  identical,  and,  theo- 
retically, it  is  quite  possible  that  two  isoraeric  hydrocarbons,  C9H8, 
can  exist  which  may  be  very  closely  allied  in  properties  ;  their  con- 
stitutions would  be  represented  by  the  formulas 

C6H4<^2>CH  and  C6H4 

Such  hydrocarbons  would  very  probably  differ  but  slightly  in 
chemical  properties,  and,  on  reduction,  they  would  probably  yield  one 
and  the  same  hydrindene. 

In  order  to  determine  whether  the  products  of  reduction  were 
identical,  hydrindene  from  coal  tar  in  dene  was  carefully  com- 
pared with  the  substance  obtained  by  the  reduction  of  synthetical 
indene,  and  the  result  of  the  comparison  may  be  summarised  as 
follows. 

B.  p.  Sp.gr.  4°/4°.      Mag.  rot. 

Hydrindene  (coal  tar)....      176'5— 177'50         O9655         13'971 

Hydrindene  (synthetical).      176O— 176'5°         O9732         13'904 

Although  the  results  do  not  agree  quite  so  closely  as  could  have 
been  desired,  they  nevertheless  clearly  indicate  that  the  substances 
are  identical ;  this  is  interesting  when  taken  in  connection  with  the 
fact  that  the  unsaturated  hydrocarbons  from  which  they  were  derived 
are  widely  different  in  properties. 

During  the  investigation  of  hydrindenecarboxylic  acid,  several  new 
derivatives  of  this  acid  were  prepared,  and  are  described  in  detail  in 
the  paper ;  a  brief  summary  of  some  of  the  more  important  results 
may  be  appended  here. 

When  exposed  to  bromine  vapour,  hydrindenecarboxylic  acid  is 
converted  quantitatively  into  tetrabromhydrindenecarboxylic  acid, 

C9H5Br4-COOH 

(m.  p.  248 — 250°)  ;  but  when  a  solution  of  the  acid  in  chloroform  is 
heated  with  bromine  at  100°  the  action  proceeds  differently,  2  atoms 
of  hydrogen  are  eliminated,  and  indenecarboxylic  acid  (m.  p.  230°)  is 
formed,  thus — 

PTT  f)TT 

C6H4<^2>CH-COOH  +  Br2  =  C6H4<  ~~.  >OCOOH  +  2HBr. 

^-tJ-2  OH-2 

As  it  seemed  possible  that  all  hydrindene  derivatives  might  be 
oxidised  to  indene  derivatives  by  similar  treatment,  we  studied  the 
action  of  bromine  on  hydrindene  itself ;  but  although  apparently 
small  quantities  of  indene  are  produced,  the  primary  product  appears 

to  be  a  dibromhydrindene,  C6H3Br<^gB^>CH2  (?),  in  which  one  of 
the  bromine  atoms  is  situated  in  the  benzene  ring,  as  is  shown  by 
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the  fact  that,  when  oxidised  with  nitric  acid,  bromophthalic  acid  is 
formed. 

Dibromhydrindene  may  be  distilled  under  diminished  pressure, 
but  at  the  ordinary  pressure  it  is  decomposed  into  bromindene  and 
hydrogen  bromide. 

CH2  =   C6H3Br<°g2>CH  +  HBr. 

Hydrindenecarboxylic  acid,  when  treated  with  phosphorous  penta- 
chloride,  yields  a  well  characterised  crystalline  acid  chloride,  which 
has  been  used  in  the  synthesis  of  a  number  of  derivatives  of  hydr- 
indene  described  in  this  paper. 

OTT 

Preparation  of  Hydrindenedicarboxylic  acid,  C6H4<pTT2>C(COOH)2. 

A  method  of  preparing  this  acid  and  the  corresponding  hydr- 
indenemonocarboxylic  has  already  been  described  by  v.  Baeyer 
and  Perkin  (Ber.,  17,  122).  Although  this  method  answers  very 
well  for  preparing  the  acids  in  small  quantities,  yet  where  large 
quantities  are  required,  as  was  the  case  in  carrying  out  the  experi- 
ments described  in  this  paper,  it  was  found  advantageous  to  intro- 
duce several  modifications,  more  especially  in  the  preparation  and 
purification  of  the  monocarboxylic  acid. 

We  give  in  fall  the  method  which  was  ultimately  adopted.  In 
order,  in  the  first  place,  to  prepare  the  ethereal  salt  of  hydrindenedi- 
carboxylic  acid,  63  grams  of  sodium  is  dissolved  in  70  grams  of  pure 
absolute  alcohol ;  the  solution  of  sodium  ethylate  thus  obtained,  while 
still  warm,  is  mixed  with  250  c.c.  of  absolute  ether  (repeatedly  dis- 
tilled over  sodium),  21  grams  of  ethylic  malonate  is  added,  and  the 
mixture  well  shaken,  and  then  a  solution  of  35  grams  of  ortho-xylylene 
dibromide  in  250  c.c.  of  absolute  ether  is  poured  in.  The  clear  solution 
soon  begins  to  deposit  sodium  bromide,  and,  as  the  action  proceeds, 
sufficient  heat  is  generated  to  keep  the  liquid  in  a  state  of  vigorous 
ebullition,  so  that  it  is  necessary  to  connect  the  flask  containing  the 
mixture  with  a  reflux  apparatus.  At  the  end  of  about  three  hours, 
the  clear  ethereal  solution  is  decanted  from  the  white  precipitate,  the 
ether  distilled  off,  the  residual  oil  again  mixed  with  the  white  pre- 
cipitate, and  the  whole  hydrolysed  by  digestion  with  a  solution  of 
20  grams  of  potassium  hydrate  in  methylic  alcohol  for  about  30 
minutes,  until  a  sample  when  dissolved  in  water  produces  only  a 
slight  milkiness.  After  distilling  off  the  bulk  of  the  methylic  alcohol 
on  a  water-bath,  the  residue,  which  often  has  a  peculiar  violet  colour, 
is  dissolved  in  water  and  evaporated  on  a  water  bath  till  free  from 
alcohol ;  the  well-cooled  solution  is  then  extracted  several  times  with 
ether  in  order  to  remove  oily  impurities.  On  acidifying  the  alkaline 
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solution,  a  brownish.,  crystalline  precipitate  of  impure  hydrindenedi- 
carboxylic  acid  separates;  this  is  dissolved  in  ether,  the  ethereal 
solution  evaporated,  and  the  residual  brownish,  crystalline  mass 
purified  by  recrystallisation  from  water.  In  carrying  out  this  opera- 
tion, it  is  best  to  dissolve  the  crude  acid  in  a  large  bulk  of  water  at 
about  90°,  filter  from  undissolved  dark  coloured  impurities,  and  then 
concentrate  slowly  on  a  water  bath.  During  the  concentration,  the 
bibasic  acid  separates  in  crystalline  crusts,  the  quantity  of  which  in- 
creases largely  as  the  liquid  cools ;  these  crusts,  when  recrystallised 
from  water,  yield  beautiful,  colourless  crystals  which  consist  of  pure 
hydrindenedicarboxylic  acid,  as  the  following  analysis  shows. 

0-1606  gave  0'3762  C02  and  0'0724  H20.     C  =  63'88;  H  =  5-01. 

CiiH1004  requires  C  =  64'07  ;  H  =  4'86  per  cent. 
Hydrindenedicarboxylic  acid  melts  at  199°,  as  stated  in  the  first 
paper  on  this  subject. 

f^TT 

Hydrindenemonocarboxylic  acid,  C6H4<£,jLj2]>CH>COOH. 

This  acid  may  be  readily  obtained  in  small  quantities  in  a  pure 
state  by  the  method  first  described  by  Baeyer  and  Perkin,  namely, 
by  the  distillation  of  the  bibasic  acid;  but,  in  preparing  large  quan- 
tities, a  much  better  yield  of  pure  substance  is  obtained  by  the 
following  process.  The  crude,  brownish,  bibasic  acid  obtained  by 
hydrolysing  the  product  of  the  action  of  ortho-xylylene  dibromide 
on  ethylic  sodiomalonate,  and  extracting  with  ether,  as  described 
above,  is  heated  at  200°  in  an  oil  bath  until  the  evolution  of 
carb'  nic  anhydride  has  entirely  ceased.  The  dark-coloured  pro- 
duct is  then  dissolved  in  a  hot  dilute  solution  of  sodium  car- 
bonate, filtered  from  undissolved  impurities,  and  reprecipitated 
with  hydrochloric  acid,  care  being  taken  that  the. acid  does  not  cake 
together.  The  precipitate,  after  being  collected  and  well  washed 
with  water,  is  ground  up  with  water  in  a  mortar  to  a  fine  paste,  and 
gradually  added  to  a  slight  excess  of  a  hot  dilute  solution  of  barium 
hydrate.  The  greater  part  of  the  acid  dissolves,  forming  a  colourless 
solution,  whereas  the  dark-coloured  impurities  cake  together,  forming 
resinous  lumps,  which,  however,  still  contain  some  of  the  acid ;  the 
recovery  of  this  is  described  below.  After  filtration,  the  alkaline 
solution  of  the  barium  salt  is  acidified  with  hydrochloric  acid,  and  the 
colourless,  crystalline  precipitate  collected,  washed  with  water,  and 
dried  at  100°  ;  it  is  almost  pure  hydrindenecarboxylic  acid,  and  was 
the  material  used  in  the  following  experiments.  An  analysis  was 
made  of  the  acid  recrystallised  from  water. 

0-1478  gave  0-4004  C02  and  0-Q838  H20.     C  =  73'90 ;  H  =  6-30. 
C10H1002  requires  C  =  74'07  ;  H  =  6'17  per  cent. 
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The  yield  of  hydrindenecarboxylic  acid  obtained  in  this  way  is  good 
(about  70  per  cent,  of  the  theoretical),  but  considerable  quantities 
are  retained  in  the  brown  lumps  mentioned  above.  The  purification 
of  this  uninviting  product  is  a  matter  of  some  difficulty,  but  it  may 
be  accomplished  by  converting  the  acid  into  its  methylic  salt,  which, 
after  fractional  distillation,  yields  the  pure  acid  on  hydrolysis. 

To  this  end,  the  brown  resinous  mass  is  boiled  with  dilute  potas- 
sium hydrate  solution,  filtered,  and  the  crude  acid  reprecipitated  and 
washed  well  with  water.  The  almost  black  product  is  dried  at 
100°,  dissolved  in  10  times  its  weight  of  methylic  alcohol,  satu- 
rated with  gaseous  hydrogen  chloride  without  cooling,  and,  after 
standing  for  two  days,  the  liquid  is  poured  into  ice-cold  water.  The 
methylic  salt  is  extracted  with  ether,  the  ethereal  solution  well 
washed,  first  with  water  and  subsequently  with  sodium  carbonate 
solution,  and  dried  over  anhydrous  potassium  carbonate  ;  the  ether  is 
then  distilled  off,  and  the  residue  submitted  to  fractional  distillation 
under  reduced  pressure.  The  almost  colourless  oil  which  distils 
between  160°  and  185°  (80  mm.)  is  hydrolysed  by  boiling  with 
alcoholic  potash,  the  potassium  salt  freed  from  alcohol  by  evapora- 
tion, dissolved  in  water,  acidified  with  hydrochloric  acid,  and  the 
resulting  almost  colourless  acid  purified  by  recrystallisation  from 
water  or  from  acetic  acid. 

It  may  here  be  mentioned  that  a  cold  solution  of  hydrindenecarb- 
oxylic acid  in  dilute  sodium  carbonate  solution  does  not  decolorise 
potassium  permanganate  except  on  standing. 

Barium  hydrindenecarboxylate. — Quantities  of  this  salt  were  obtained 
during  the  purification  of  the  acid  as  described  above.  It  is  readily 
soluble  in  water,  and  crystallises  from  a  concentrated  solution  in 
colourless  needles  which  contain  water  of  crystallisation.* 

I.  0-2660  gave  0'1353  BaS04.     Ba  =  29'86  per  cent. 
II.  0-2688     „     0-1365       „          Ba  =  29*87 

C20H18OJBa  requires  Ba  =  29'84  per  cent. 

Methylic  Hydrindenecarboxylate,  C6H4<^2>CH'COOCH3. 

This  ethereal  salt  was  obtained  in  considerable  quantities  in  the  puri- 
fication of  crude  hydrindenecarboxylic  acid  (see  above),  but  as  this 
crude  product  is  difficult  to  purify,  a  small  quantity  of  the  methylic  salt 
was  prepared  from  the  pure  acid  in  the  following  manner  :  10  grams 
of  pure  dry  hydrindenecarboxylic  acid  was  dissolved  in  50  grains 
of  methylic  alcohol,  the  solution  saturated,  without  cooling,  with 

*  The  numbers  obtained  in  the  estimation  of  the  amount  of  water  of  crystallisa- 
tion have  unfortunately  been  lost. 
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dry  hydrogen  chloride,  allowed  to  stand  for  two  days,  and  then 
warmed  on  a  water  bath  in  a  reflux  apparatus  for  about  half  an  hour. 
The  well-cooled  product  was  poured  into  ice-cold  water,  the  methylic 
salt  extracted  with  ether,  and  the  ethereal  solution  washed  well, 
first  with  water,  then  with  sodium  carbonate  solution  ;  it  was  then 
dried  over  anhydrous  potassium  carbonate,  evaporated,  and  the 
brownish  oily  residue  purified  by  fractionation  under  reduced  pres- 
sure. 

Methylic  hydrindenecarboxylate  boils  at  170°  under  a  pressure  of 
60  mm.,  and  the  colourless  distillate,  on  standing  for  a  long  time, 
solidifies  to  a  mass  of  colourless  crystals  which  melt  at  a  low  tem- 
perature. 

0-1450  gave  0-3981  C02  and  0'0907  H20.     C  =  74'87  ;  H  =  6'95. 
CnH1202  requires  C  =  75'00  ;  H  =  6'82  per  cent. 

Methylic  hydrindenecarboxylate,  when  pure,  distils  under  the 
ordinary  pressure  with  only  slight  decomposition.  It  has  a  peculiar 
faintly  aromatic  smell,  and  is  insoluble  in  water  ;  when  boiled  with 
alcoholic  potash,  it  is  readily  hydrolysed. 

Hydrindenecarboxylic  Chloride,  C6H4<^2>CH>COC1. 

This  is  readily  obtained  by  the  action  of  phosphorous  pentachloride 
on  hydrindenecarboxylic  acid,  according  to  the  equation 

2  PC16  = 


POC13  +  HOI. 

In  preparing  this  substance  it  is  important  to  operate  as  quickly  as 
possible,  and  prolonged  heating  of  the  product  should  be  especially 
avoided,  as  otherwise  the  whole  mass  is  apt  to  be  decomposed.  The 
following  method  may  be  advantageously  employed  in  preparing  con- 
siderable quantities  of  this  chloride.  25  grams  of  pure  phosphorus 
pentachloride  are  introduced  into  a  distillation  flask,  which  must  be  of 
such  a  capacity  as  to  allow  of  the  subsequent  convenient  distillation  of 
the  product  under  diminished  pressure  ;  and  then  16  grams  of  pure 
dry  hydrindenecarboxylic  acid  in  the  form  of  lumps  (not  of  powder, 
as  the  reaction  may  easily  become  very  violent)  is  added  all  at  once. 
In  a  short  time  a  vigorous  action  sets  in  with  evolution  of  torrents  of 
hydrogen  chloride,  and  ultimately  the  whole  mass  liquefies.  As  soon 
as  the  action  has  completely  subsided  the  flask  is  connected  with  an 
apparatus  for  distillation  under  diminished  pressure  (100  mm.),  and 
the  product  rapidly  fractioned. 

After  the  phosphorous  oxychloride  has  passed  over,  the  thermo- 
meter rises  rapidly  to  178°,  between  which  temperature  and  182°  the 
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acid    chloride   distils.      An   analysis  of  this    product   was    made    by 
Carius'    method. 

0-2554  gave  0'2014  AgCl.     01 -=  19'51. 

C10H9C10  requires  Cl  =  19'69  per  cent. 

When  freshly  distilled,  hydrindenecarboxylic  chloride  is  a  colourless, 
pungent-smelling  oil,  which,  although  it  may  sometimes  remain  liquid 
for  days,  generally  solidifies  rapidly  to  a  mass  of  colourless  prisms ; 
it  melts  at  approximately  35 — 38° ;  and,  when  pure,  boils  constantly 
at  180°  (100  mm.).  It  is  moderately  readily  decomposed  by  cold  water 
and  by  alcohol,  very  readily  when  warmed  with  these  liquids. 

OTT 

Amide  of  Hydrindenecarboxylic  acid,  C6H4<Qg2]>CH'CONH2. 

This  was  prepared  in  two  different  ways,  namely  (I)  by  the  action 
of  ammonium  carbonate  on  hydrindenecarboxylic  chloride,  and  (II) 
by  the  action  of  ammonia  on  methylic  hydrindenecarboxylate. 

Method  I. — Pure  hydrindenecarboxylic  chloride  was  ground  up  in 
a  mortar  with  excess  of  ammonium  carbonate  until  all  action  had 
ceased ;  the  mixture,  after  three  hours,  was  treated  with  water,  and 
the  crude  insoluble  amide  collected  and  washed  well,  first  with  dilute 
sodium  carbonate  solution,  and  subsequently  with  water.  It  was 
then  dried  on  a  porous  plate,  and  recrystallised  from  methylic 
alcohol. 

Method  II. — Pure  methylic  hydrindenecarboxylate,  10  grams,  was 
heated  in  a  sealed  tube  with  30  c.c.  of  strongest  aqueous  ammonia 
solution  for  three  hours  at  120°  ;  the  tube  was  then  opened,  the 
contents  again  saturated  with  ammonia,  and  the  heating  at  120° 
continued  for  three  hours  more.  The  tube,  on  cooling,  was  found  to 
be  filled  with  hard  lumps  interspersed  with  beautiful,  glistening 
plates.  The  solid  substance  was  collected,  washed  with  waier,  dried 
on  a  porous  plate,  and  recrystallised  three  times  from  methylic 
alcohol.  In  this  way,  magnificent,  colourless  prisms  were  obtained, 
which,  on  ana/lysis,  gave  the  following  numbers. 

0-1324  gave  10'4  c.c.  moist  nitrogen  at  23°  and  752  mm.     N  =  8' 75. 
C10HnNO  requires  N  =  8'69  per  cent. 

The  amide  of  hydrindenecarboxylic  acid  melts  at  178° ;  it  is  readily 
soluble  in  alcohol,  sparingly  in  chloroform,  and  almost  insoluble  in 
water.  When  rapidly  heated,  small  quantities  distil  apparently 
without  decpmposition. 

Anilide  of  Hydrindenecarboxylic  acid,  C6H4<™2>CH-C(>NH-C6H5. 

0.0.2 

This  substance  is  readily  produced  by  the  interaction  of  hydrindene- 
carboxylic chloride  and  aniline  thus, 
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C6H4<™2>CH-COC1  +  2NH2-C6H5  = 

'^    2\  r^tr.r^r^. "\rtr.r1  TI    _i_  c*  TT  .XTTT  trr^i 

b/^Ti    ^\JljL\J\J  JHljL  \JtXll    T    ^6-tl5  l>-tl2,JCLUl. 
*v>  JtL2 


Freshly  distilled  aniline  in  excess  is  added  to  pure  hydrindene- 
carboxylic  chloride,  and  the  mixture,  as  soon  as  the  somewhat  violent 
action  which  sets  in  has  subsided,  heated  for  almost  half  an  hour 
on  a  water  bath.  In  order  to  purify  the  crude  solid  product,  it  is 
ground  up  with  very  dilute  hydrochloric  acid,  well  washed  with 
water,  dried  on  a  porous  plate,  and  recrystallised  once  or  twice  from 
ethylic  alcohol.  The  beautiful,  glistening  plates  thus  obtained  gave 
the  following  results  on  analysis. 

0-1520  gave  8'2  c.c.  moist  nitrogen  at  19°  and  758  mm.    N  =  6'18. 
Ci6Hi5NO  requires  N  =  5'91  per  cent. 

The  anilide  of  hydrindenecarboxylic  acid  melts  at  182° ;  it  is  very 
sparingly  soluble  in  cold  alcohol,  but  dissolves  more  readily  in  the 
boiling  solvent ;  the  solution,  on  cooling,  deposits  the  anilide  in 
beautiful,  glistening  plates. 

It  is  readily  soluble  in  hot  acetic  acid,  and  crystallises  beautifully 
from  this  solvent,  in  thin,  four-sided  plates ;  it  dissolves  sparingly  in 
chloroform,  and  is  almost  insoluble  in  light  petroleum. 

Action  of  Bromine  Vapour  on  Hydrindenecarboxylic  acid. 
Finely  divided  hydrindenecarboxylic  acid  is  readily  acted  on  when 
exposed  under  a  bell  jar  to  the  vapour  of  bromine.  A  quantitative 
experiment  showed  that  4  atoms  of  bromine  are  taken  up  with 
formation  of  tetrabromhydrindenecarboxylic  acid ;  0'8610  gram  of 
acid,  exposed  to  the  vapour  of  bromine  for  five  days,  and  then 
allowed  to  stand  in  a  vacuum  desiccator  over  potash  until  the  excess 
of  bromine  had  evaporated,  gained  1'647  grams.  The  calculated  gain 
for  the  formation  of  an  acid,  C10H6Br4O2,  is  T67  grams.  The  bromo- 
acid  is  sparingly  soluble  in  cold  acetic  acid,  but  dissolves  more 
readily  on  boiling ;  the  solution,  on  cooling,  deposits  the  acid  in 
colourless  needles,  which  appear  to  contain  acetic  acid  of  crystallisa- 
tion, as  they  become  opaque  on  drying  at  100°. 

0-1648  gave  0-1520  C02  and  0-0211  H20.     C  =  25-15;  H  =  1-41. 

0-2963     „      0-4630  AgBr  ;  Br  =  66'55. 

C10H6Br402  requires  C  =  25' 10  ;  H  =  1-25 ;  Br  =  66'92  per  cent. 

Tetrabromhydrindenecarboxylic  acid  melts  at  248 — 250°.  It  is 
sparingly  soluble  in  methylic  alcohol,  chloroform,  light  petroleum, 
ether,  and  benzene  ;  more  readily  in  boiling  toluene  and  xylene.  The 
sodium  salt  is  sparingly  soluble  in  water,  and  separates,  on  dissolving 
the  acid  in  soda,  as  a  white,  gelatinous  mass.  The  cold  dilute 
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solution  of  the  acid  in   sodium  carbonate  does  not  decolorise  per- 
manganate. 

/-1TT 

Indenecarboxylic  acid,  C6H4<^  >OCOOH. 

When  subjected  to  the  action  of  bromine  in  chloroform  solution, 
hydrindenecarboxylic  acid  is  partly  converted  into  indenecarboxylic 
acid,  with  loss  of  2  atoms  of  hydrogen,  thus  : 


4-  Br2  =  C6H4<>C-COOH  +  2HBr. 


The  study  of  this  interesting  action  is  rendered  difficult,  as  very 
slight  variations  in  the  conditions  of  the  experiment  give  rise  to  the 
formation  of  very  different  products.  In  several  instances  where  the 
conditions  apparently  were  precisely  similar,  sometimes  a  very  good 
yield  of  indenecarboxylic  acid  was  obtained,  whilst  at  other  times 
the  product  was  resinous,  and  very  difficult  to  purify.  In  carrying 
out  the  experiment,  4'5  grams  of  hydrindenecarboxylic  acid  were 
dissolved  in  20  c.c.  of  pure  dry  chloroform,  4'1  grams  of  dry  bromine 
added,  and  the  mixture  heated  in  a  water  bath  at  100°  for  about 
1  hour.  After  standing  over  night,  the  tube  was  seen  to  con- 
tain a  quantity  of  beautiful  glistening  plates  ;  these  were  collected, 
washed  with  a  little  chloroform,  spread  on  a  porous  plate,  and  re- 
crystallised  from  dilute  acetic  acid  and  from  chloroform,  until  the 
melting  point  was  constant.  The  analysis  gave  results  which  agree 

I  with  the  formula  of  indenecarboxylic  acid. 
I.  0-1561  gave  0'4270  C02  and  0'0717  H20.  C  =  74-60  ;  H  =  5-10. 
II.  0-1734  „  0-4752  C02  and  0-0790  H20.  C  =  74'75  ;  H  =  5-06. 
C10H802  requires  C  =  75'00  ;  H  =  5'00  per  cent. 
The  chloroform  filtrate,  which  was  separated  from  the  crystals  of 
indenecarboxylic  acid,  as  described  above,  and  which  still  contained 
the  greater  part  of  the  substance,  was  well  washed  with  water  to 
remove  hydrogen  bromide,  dried  over  calcium  chloride,  the  bulk  of 
the  chloroform  distilled  off,  and  the  residual  concentrated  solution 
allowed  to  stand  for  some  days  in  a  cold  place.  In  this  way  a  further 
crop  of  crystals  of  indenecarboxylic  acid  was  obtained,  but  these  were 
dark  coloured  and  much  more  difficult  to  purify.  Lastly,  the  mother 
liquor  from  these  crystals,  on  evaporation,  deposited  an  uninviting, 
reddish  oil,  which  on  long  standing  became  pasty,  owing  to  the  sepa- 
ration of  crystals,  but  these  could  not  be  separated  from  the 
resinous  impurities  by  treatment  with  solvents.  If,  however,  this 
crude  product  is  distilled  under  diminished  pressure,  the  oily  distil- 
late, on  cooling,  almost  entirely  solidifies,  and  on  treating  it  with  small 
quantities  of  chloroform  to  dissolve  impurities  a  further  quantity  of 
indenecarboxylic  acid  may  be  obtained. 
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Properties  of  Indenecarboxylic  acid. — Indenecarboxylic  acid,  when 
heated  in  a  capillary  tube,  becomes  soft  at  222°,  and  melts  not  quite 
sharply  at  230°.  Small  quantities  of  the  pure  acid,  heated  in  a  test 
tube,  distil  almost  without  decomposition,  forming  a  wool-like  sub- 
limate in  the  cooler  portions  of  the  tube  ;  on  the  hotter  portions,  an 
oil  condenses  which  solidifies  on  cooling.  The  melting  point  of 
the  distillate  and  the  sublimate  is  about  220°,  or  a  few  degrees  lower 
than  that  of  the  recrystallised  acid.  When  carefully  heated  in  a 
stream  of  an  indifferent  gas  in  a  piece  of  combustion  tube,  indene- 
carboxylic  acid  sublimes  in  magnificent,  iridescent  needles,  somewhat 
resembling  a  sublimate  of  benzoic  acid. 

Indenecarboxylic  acid  is  readily  soluble  in  alcohol,  ether,  acetic 
acid,  and  ethyl  acetate,  but  only  sparingly  in  chloroform,  benzene, 
carbon  bisulphide,  or  water,  and  almost  insoluble  in  light  petroleum. 
It  crystallises  from  boiling  water  in  colourless,  microscopic  needles ; 
but  it  is  most  readily  purified  by  recrystallisation  from  chloroform  or 
dilute  acetic  acid. 

A   number   of   experiments   were   instituted   with   the  object   of 

f^TTT?T» 

obtaining  a  dibromindenecarboxylic  acid,  C6H4<Qj_j  _>CBr'COOH, 

but  without  success.  When  dry  indenecarboxylic  acid  is  exposed  to 
the  action  of  bromine  vapour  it  absorbs  large  quantities  of  the 
halogen,  and  is  converted  into  a  brownish  mass,  which  is  for  the  most 
part  insoluble  in  alkaline  carbonates,  and  which  appears  to  contain 

/-1TTTJ™ 

dibromhydrindene,     C6H4<~TT  _>CHBr.     This   substance  is  very 

difficult  to  purify,  and  no  satisfactory  analytical  numbers  could  be 
obtained  with  the  small  quantity  at  our  disposal. 

Indenecarboxylic  acid  dissolves  in  concentrated  sulphuric  acid  in 
the  cold,  forming  a  colourless  solution,  which  on  warming  becomes 
brownish,  but  no  resinous  substance  is  formed  in  the  cold,  as  is  the 
case  when  indene  itself  is  treated  with  sulphuric  acid  at  the  ordinary 
temperature.  A  solution  of  indenecarboxylic  acid  in  cold,  dilute 
sodium  carbonate  decolorises  potassium  permanganate  instantly,  as 
was  to  be  expected,  owing  to  its  unsaturated  nature  and  similarity  in 
constitution  to  the  tetrahydrophthalic  acids. 

Salts  of  Indenecarboxylic  acid.  Silver  salt,  Ci0H7O2Ag. — This  was 
prepared  by  precipitating  a  neutral  solution  of  the  ammonium  salt 
with  silver  nitrate.  It  is  an  amorphous,  white  precipitate,  which,  on 
standing,  acquires  a  glistening  appearance,  and  thus  apparently 
becomes  crystalline. 

0-2230  gave  0*0899  Ag.     Ag  =  40'31. 

CioH702Ag  requires  Ag  =  40'45  per  cent. 

A  dilute  solution  of  the  ammonium  salt  of  indenecarboxylic  acid 
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shows  the  following  behaviour  with  reagents.  Copper  acetate,  a  heavy, 
light  blue  precipitate,  insoluble  in  water.  Barium,  chloride,  a  white, 
crystalline  precipitate  gradually  forms,  which  is  moderately  soluble 
in  hot  water.  Lead  acetate,  a  white,  amorphous  precipitate,  which  on 
boiling  becomes  caseous.  Calcium  chloride,  a  white,  apparently  crys- 
talline precipitate,  which  is  much  less  soluble  than  the  barium  salt. 
Zinc  chloride  and  cadmium  chloride,  white  precipitates  ;  the  cadmium 
salt  becomes  crystalline  on  boiling. 

In  preparing  indenecarboxylic  acid  by  the  method  described  above, 
it  happened,  on  several  occasions,  that  no  crystals  separated  from  the 
chloroform  solution  of  the  product  of  the  action  of  bromine  on 
hydrindenecarboxylic  acid,  and,  on  evaporation,  a  semi-solid  residue 
was  left,  containing  apparently  much  unchanged  substance,  and  from 
which  no  definite  product  could  be  obtained  by  treatment  with  sol- 
vents. From  such  a  product,  indenecarboxylic  acid  may  be  isolated 
in  the  following  way.  The  crude  substance  is  boiled  with  a  consider- 
able quantity  of  water,  and  milk  of  lime  added,  any  slight  excess 
being  removed  by  passing  a  stream  of  carbonic  anhydride  through  the 
boiling  liquid.  On  concentrating  the  filtrate,  and  allowing  it  to 
stand,  a  calcium  salt  is  deposited  in  curious  nodules.  The  addition 
of  hydrochloric  acid  to  the  aqueous  solution  of  this  salt  precipitates  a 
slightly  coloured  crystalline  acid,  which  has  no  definite  melting  point. 
This  is  again  converted  into  the  calcium  salt,  and  the  treatment  re- 
peated until  a  colourless  acid  is  obtained,  which,  after  washing  with 
small  quantities  of  chloroform,  melts  above  200° ;  pure  indenecarb- 
oxylic acid  may  be  obtained  from  this  by  recrystallising  from  80  per 
cent,  acetic  acid. 


Hydrindene  Methyl  Ketone,  C6H4<™2>CH-CO-CH3. 

The  chloride  of  hydrindenecarboxylic  acid  and  zinc  methide  inter- 
act in  ethereal  solution,  forming  a  soluble  zinc  compound,  which  is 
decomposed  by  water,  yielding  hydrindene  methyl  ketone.  This 
decomposition  is  probably  represented  thus  : — 


' 


C6H4<cg2>CH-COCl  +  Zn(CH3)2  = 


OZn-CH3 


OZnCH3 

n/-i  TT     ^^^-n-2\  f^TT  C\/  r^TT       i      TT  C\ 
.    V^e-tli'x^nTT  J>v>±l'L'c~^-tl3   T    t-LzU   = 


+  CH4  +  ZnO  4-  HC1. 

In  preparing  the  zinc  methide  necessary  for  these  experiments,  the 
zinc-copper  couple  was,  as    recommended  by  Gladstone  and   Tribe 
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(Trans.,  1879,  35,  569),  heated  with  methylic  iodide  under  an  extra 
pressure  of  about  500  mm.  of  mercury  until  the  action  was  complete, 
and  the  zinc  methiodide  distilled  directly  into  a  weighed  flask.  In  each 
case  about  25  grams  of  zinc  methide  was  prepared,  and  this  was  diluted 
with  100  c.c.  of  absolute  ether,  about  12  grams  of  hydrindenecarb- 
oxylic  chloride  added,  and  the  mixture  heated  in  a  reflux  apparatus 
for  two  days.  The  action  does  not  take  place  readily  as  is  the  case 
when  zinc  ethide  is  used  (see  p.  243),  and  even  after  boiling  for  two 
days  an  appreciable  amount  of  hydrindenecarboxylic  chloride  remains 
unacted  on  in  spite  of  the  large  excess  of  zinc  methide  employed.  In 
order  to  isolate  the  product,  water  was  added  very  slowly  and  drop 
by  drop  from  a  dropping  funnel,  great  care  being  necessary  at  this 
stage  owing  to  the  almost  explosive  violence  of  the  action,  and  it  is 
well,  during  the  operation,  to  keep  the  flask  containing  the  ethereal 
solution  well  cooled  with  ice-cold  water.  As  soon  as  the  decom- 
position of  the  zinc  compound  is  complete,  hydrochloric  acid  is  added 
to  dissolve  the  precipitated  zinc  hydroxide,  and  the  whole  extracted 
three  times  with  ether. 

The  ethereal  solution  which  contains,  besides  the  hydrindene  methyl 
ketone,  considerable  quantities  of  hydrindenecarboxylic  acid  (from 
undecomposed  chloride),  is  repeatedly  extracted  with  dilute  potassium 
hydrate  solution,  dried  over  anhydrous  potassium  carbonate,  and 
evaporated,  the  residual,  almost  colourless  ketone  being  purified  by 
fractionation  under  reduced  pressure.  Almost  the  whole  passes  over 
at  170 — 180°  (80  mm.)  at  the  first  distillation,  and  on  redistillation  an 
oil  is  obtained  which  boils  constantly  at  175 — 177°  (80  mm.). 

0-1892  gave  0-5692  C02  and  0-1272  H20.     C  =  82'05;  H  =  7'47. 
CUH120  requires  C  =  82'50 ;  H  =  7'50  per  cent. 

Hydrindene  methyl  ketone  is  a  colourless  oil  of  feeble  odour,  and, 
in  small  quantities,  maybe  distilled  under  the  ordinary  pressure  with 
only  very  slight  decomposition.  The  yield  obtained  in  the  above 
synthesis  was  comparatively  small,  owing  to  the  fact  that  the  pro- 
duct invariably  contained  unchanged  acid  chloride,  from  which, 
however,  hydrindenecarboxylic  acid  may,  of  course,  be  again  re- 
generated. 

Hydrindene  Methyl  Ketoxime,  C6H4<^2>CH-C(CH3):NOH. 

When  treated  with  hydroxylamine  in  strongly  alkaline  solution, 
hydrindene  methyl  ketone  is  converted  into  a  beautifully  crystalline 
oxime,  which  serves  as  a  valuable  means  of  characterising  the  oily 
ketone. 

In  preparing  this  oxime,  hydrindene  methyl  ketone  (1'6  grams)  was 
dissolved  in  a  little  alcohol,  the  solution  mixed  with  a  saturated 
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aqueous  solution  of  hydroxylamine  hydrochloride  (1  gram),  a  mode- 
rately concentrated  solution  of  alcoholic  potash  (containing  2  grams 
KOH)  added,  and  the  whole  left  for  24  hours.  The  product  was 
then  evaporated  gently  on  a  water  bath  till  free  from  alcohol,  diluted 
with  water,  and  rendered  slightly  acid  by  the  addition  of  dilute 
hydrochloric  acid.  The  oxime,  which  was  precipitated  as  a  colour- 
less solid,  was  collected,  washed  with  water,  and  purified  by  recrys- 
tallisation  from  methylic  alcohol.  For  analysis,  it  was  dried  at  100°. 

0-1434  gave  0'3966  C02  and  O0988  H20.     C  =  75'42 ;  H  =  7'65. 

0-2184     „      16-4  c.c.  moist  nitrogen  at  22°  and  740  mm.  1ST  =  8'20. 

CUH13NO  requires  C  =  75 "42 ;  H  =  7'43  ;  N  =  8'00  per  cent. 

Hydrindene  methyl  ketoxime  melts  at  125 — 126°.  It  is  readily 
soluble  in  methylic  alcohol,  chloroform,  benzene,  and  acetic  acid, 
sparingly  in  light  petroleum,  and  almost  insoluble  in  water.  It  crys- 
tallises from  methylic  alcohol  in  magnificent  glistening  prisms,  and 
from  dilute  acetic  acid  in  needles.  Hydrindene  methyl  ketoxime 
dissolves  readily  in  concentrated  hydrochloric  acid  on  warming,  and 
remains  dissolved  on  diluting  with  water,  but  is  reprecipitated  on  the 
addition  of  sodium  carbonate ;  it  dissolves,  also,  on  warming  with 
strong  caustic  potash  solution,  but  if  the  solution  is  diluted  and 
allowed  to  stand  the  oxime  gradually  separates  in  stellar  groups  of 
dies. 


Hydrindenemethylcarbinol,  C6H4<pS2>CE>CH(CH3)-OH. 


In  reducing  ketones  which  have  a  high  molecular  weight,  as  is  the 
case  with  hydrindene  methyl  ketone,  and  which  are  almost  insoluble 
in  dilute  alcohol,  the  best  reagent  for  effecting  this  purpose  is  sodium 
in  the  presence  of  alcohol.  The  pure  ketone  was  dissolved  in  alcohol 
and  treated  with  twice  the  calculated  quantity  of  sodium  in  a  large 
flask  connected  with  a  reflux  apparatus,  the  action  being  allowed  to 
proceed  as  vigorously  as  possible.  The  product  was  mixed  with  water, 
extracted  three  times  with  ether,  the  ethereal  solution  washed  well 
with  water,  dried  over  anhydrous  potassium  carbonate,  evaporated, 
and  the  colourless  oil  thus  obtained  purified  by  distillation  under 
reduced  pressure.  The  fraction  185 — 190°  (80  mm.),  on  standing, 
almost  entirely  solidified  in  the  form  of  long,  slender,  striated  needles  ; 
these  were  freed  from  oily  mother  liquor  by  spreading  on  a  porous 
plate,  dried  over  sulphuric  acid,  and  analysed. 

0-1357  gave  0'4051  C02  and  0-1055  H20.     C  =  81-41  ;  H  =  8*64. 
CUHU0  requires  C  =  81 '48 ;  H  =  8'65  percent. 

Hydrindenemethylcarbinol  melts  at  about  48°,  and  has  a  peculiar, 
somewhat  penetrating  smell.  It  dissolves  freely  in  most  organic 
solvents, 
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Hydrindenemethylcarbinyl  Acetate, 
C6H4<^2>CH-CH(CH3)-0-C2H30. 

In  order  to  prepare  this  acetate,  the  pure  carbinol  was  digested 
for  two  hours  with  excess  of  acetic  anhydride,  the  anhydride  distilled 
off,  and  the  crude  oily  residue  purified  by  fractionatio  n  under 
reduced  pressure.  Hydrindenemethylcarbinyl  acetate  is  a  colourless 
oil  which  boils  at  188 — 190°  (70  mm.)  and  has  a  peculiar  odour, 
somewhat  recalling  that  of  toluene. 

0-1425  gave  0-3982  CO2  and  01020  H20.     C  =  76-21 ;  H  =  7-94. 
C13H1602  requires  C  =  76'47  ;  H  =  7'84  per  cent. 

Hydrindene  Ethyl  Ketone,  C6H4<^2>CH-CO'C2H6. 

This  interesting  substance  is  much  more  easily  prepared  than  the 
methyl  ketone,  and  is  obtained  in  very  good  yield  by  the  action  of 
zinc  ethide  on  hydrindenecarboxylic  chloride.  The  following  are  the 
details  of  the  method  of  preparation  employed.  A  flask  of  about 
1J  litres  capacity,  containing  about  70  c.c.  of  absolute  ether  (which 
had  been  freed  from  the  last  traces  of  alcohol  and  water  by  repeated 
distillation  over  sodium)  was  filled  with  dry  carbonic  anhydride, 
10  grams  of  zinc  ethide  was  added,  and  17  grams  of  freshly  distilled 
hydrindenecarboxylic  chloride  poured  in.  The  mixture  soon  became 
warm,  and,  on  standing  for  some  time,  the  temperature  gradually 
rose  until  the  ether  began  to  boil  vigorously,  so  that  it  was  necessary 
to  moderate  the  action  by  cooling  when  it  became  too  violent. 

After  the  product  had  stood  for  about  half  an  hour,  10  grams 
more  of  zinc  ethide  was  added  and  the  mixture  heated  to  boiling  for 
two  hours  in  a  reflux  apparatus.  The  product  was  then  decomposed 
by  the  careful  addition  of  small  quantities  of  water,  the  precipitated 
zinc  hydroxide  dissolved  in  dilute  hydrochloric  acid,  and  the  ketone 
extracted  by  shaking  three  times  with  ether  ;  the  ethereal  solution, 
after  washing  with  water,  was  dried  over  anhydrous  potassium  carb- 
onate, and  evaporated.  The  residual  oil  was  then  purified  by  fractiona- 
tion  under  reduced  pressure,  when  the  whole  (15  grams)  passed  over 
between  188°  and  190°  (80  mm.),  at  the  first  distillation,  as  a  colour- 
less oil ;  this,  on  cooling,  solidified  almost  completely  in  magnificent, 
four-sided  plates.  The  crystalline  mass  after  being  freed  from  traces 
of  oil  by  spreading  it  on  a  porous  plate,  was  analysed. 

0-1953  gave  0'5910  C02  and  0-1457  H2O.     C  =  82'53 ;  H  =  8'28. 
C12HUO  requires  C  =  82- 76  ;  H  =  8 '05  per  cent. 

Hydrindene  ethyl  ketone  is  a  colourless  crystalline  substance, 
which  melts  at  about  28°  and  distils  at  188—190°  (80  mm.). 
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Hydrindene  ethyl  Jcetoxime,  C6H4<^>CH-C(C2H5):NOH. 

This  beautiful  substance  was  prepared  by  the  action  of  hydroxyl- 
amine  on  the  pure  ketone  in  the  presence  of  a  large  excess  of  potassium 
hydrate.  The  following  quantities  were  employed. 

Hydrindene  ethyl  ketone,  4  grams  dissolved  in  10  c.c.  of  methyl 
alcohol. 

Potassium  hydrate,  8  grams  dissolved  in  30  c.c.  of  methyl  alcohol. 

Hydroxylamine  hydrochloride,  3' 5  grams  dissolved  in  the  smallest 
possible  quantity  of  water. 

The  mixed  solutions,  on  standing  for  15  hours,  deposited  beautiful 
crystals,  and  on  adding  water  and  acidifying,  a  heavy,  white  pre- 
cipitate was  thrown  down,  which  was  extracted  twice  with  ether ; 
the  ethereal  solution  was  washed  with  water,  dried  over  calcium 
chloride,  and  the  ether  distilled  off.  The  residual  oil  solidified 
almost  at  once,  and  the  crystalline  mass  was  readily  obtained  quite 
colourless  by  washing  with  small  quantities  of  ether.  For  analysis, 
the  substance  was  dried  over  sulphuric  acid. 

0-1566  gave  10'2  c.c.  moist  nitrogen  at  22'5°,  and  756  mm.  N  =  7'38. 
C12Hi5N"0  requires  N  =  7'40  per  cent. 

Hydrindene  ethyl  ketoxime  melts  at  104° ;  it  is  readily  soluble  in 
alcohol,  ether,  benzene,  and  hot  light  petroleum,  but  only  sparingly 
in  cold  light  petroleum,  and  in  water.  It  crystallises  from  dilute 
methylic  alcohol  in  magnificent,  colourless  needles. 

Hydrindeneethylcarlinol,  C6H4<^>CH-CH(C2H5)-OH. 

The  reduction  of  hydrindene  ethyl  ketcne  was  carried  out,  as  in 
the  case  of  the  methyl  ketone,  by  means  of  sodium  and  alcohol.  The 
ketone  was  dissolved  in  absolute  alcohol,  and  treated  as  rapidly  as 
possible  with  twice  the  calculated  quantity  of  sodium,  the  product 
allowed  to  cool,  diluted  with  water,  and  extracted  three  times  with 
ether  ;  the  ethereal  solution  was  then  well  washed,  dried  over  anhydr- 
ous potassium  carbonate,  and  evaporated.  The  oily  residue  distilled 
constantly  at  192°  under  a  pressure  of  80  mm.,  passing  over  as  a 
colourless  oil,  which,  on  standing,  solidified  to  a  mass  of  con- 
centrically grouped  needles. 

0-1427  gave  0'4280  C02  and  0'1166  H20.     C  =  81'80  ;  H  =  9'10. 
C12H16O  requires  C  =  81'81 ;  H  =  9'09  per  cent. 

Hydrindeneethylcarbinol  crystallises  from  dilute  methylic  alcohol 
in  magnificent,  colourless  needles,  and  melts  at  67°.  It  is  readily 
soluble  in  alcohol,  benzene,  and  light  petroleum,  separating  from  its 
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hot   solution   in  the   latter  solvent,  on  cooling,  in  long,  colourless 
needles. 

PTT 

Hydrindeneethylcarbinyl  Acetate,  C6H4<^22>CH'CH(C2H6)'0-C2H30. 

This  acetate  is  readily  prepared  by  digesting  the  pure  carbinol 
with  twice  its  weight  of  acetic  anhydride  for  two  hours,  distilling  off 
the  excess  of  anhydride,  and  fractioning  the  residual  oil  under  a 
pressure  of  80  mm.  It  is  a  colourless  oil  boiling  at  210°  (80  mm.), 
and  possessing  an  odour  very  similar  to  that  of  the  corresponding 
hydrindenemethylcarbinyl  acetate. 

01713  gave  0-4820  C02  and  01310  H20.     C  =  76'74  ;  H  =  8-49. 
CUH18O2  requires  C  =  77'06  ;  H  =  8'26  per  cent. 

prr 

Hydrindene  Phenyl  Ketone,  2 


In  the  presence  of  aluminium  chloride,  hydrindenecarboxylic 
chloride  and  benzene  readily  interact,  forming  hydrindene  phenyl 
ketone,  thus  : 


C6H6  = 

+  HC1. 

In  carrying  out  this  synthesis,  25  grams  of  freshly  distilled  hydr- 
indenecarboxylic chloride  was  dissolved  in  100  grams  of  pure,  dry 
benzene  (free  from  thiophen)  in  a  litre  flask,  and  30  grams  of  alum- 
inium chloride  added  to  it  in  small  quantities  at  a  time.  As  soon  as 
the  principal  action,  which  rapidly  sets  in,  had  subsided,  and  the 
liquid  cooled  down  again,  the  flask  was  connected  with  a  reflux 
apparatus,  and  heated  in  a  water  bath  for  three  hours.  The  dark 
coloured  product  was  then  poured  into  ice  cold  water,  extracted 
several  times  with  ether,  and,  after  the  ethereal  solution  had  been 
well  washed,  first  with  water  and  then  with  dilute  sodium  carbonate 
solution,  it  .was  dried  over  calcium  chloride,  and  the  ether  and  benz- 
ene distilled  off. 

The  brownish  oily  residue  was  then  heated  in  a  dish  on  a  water 
bath  until  quite  free  from  benzene,  allowed  to  stand,  and  the  dark 
yellow,  crystalline  cake  which  formed  freed,  as  far  as  possible,  from 
oily  impurities  by  leaving  it  in  contact  with  a  porous  plate  for  some 
days.  The  ochre  coloured  residue  was  then  further  purified  by  re- 
peated recrystallisation  from  methylic  alcohol. 

0-1453  gave  0'4602  C02  and  0-0866  H20.     C  =  86-38  ;  H  =  6'62. 
Ci6HuO  requires  C  =  86'49  ;  H  =  6'30  per  cent. 

Hydrindene  phenyl  ketone  melts  at  about  107°.  It  is  readily 
soluble  in  hot  alcohol,  acetic  acid,  benzene,  carbon  bisulphide,  and 
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chloroform,  less  soluble  in  ether,  sparingly  soluble  in  cold  methylic 
alcohol.  It  crystallises  from  methylic  alcohol  in  almost  colourless, 
fluffy  masses  consisting  of  microscopic  needles  ;  when  heated  in  small 
quantities  in  a  test  tube,  it  distils  with  only  slight  decomposition. 
Experiments  on  the  preparation  of  the  oxime  of  this  ketone  were  not 
attended  with  satisfactory  results,  as  the  oxime  is  not  easily  formed, 
and  the  product  is  also  very  difficult  to  purify.  Reduction  with 
sodium  and  alcohol  converts  the  ketone  into  an  uninviting  resinous 
substance,  from  which  small  quantities  only  of  a  crystalline  substance 
could  be  obtained. 

OH 

Preparation  of  Indene,  CeH^Q-rr  ^>CH,  from  Hydrindenecarboxylic 

acid. 

In  the  course  of  their  investigation  of  coal  tar  oil,  Kramer  and 
Spilker  (Ber.,  23,  3276)  isolated  from  the  fraction  176—182°  an 
unsaturated  hydrocarbon,  C9H8,  which  they  showed  from  its  proper- 
ties, and  particularly  from  its  behaviour  on  oxidation,  to  be  indene, 

and  this  hydrocarbon,  by  treatment  with  sodium 


and  alcohol,  was  converted  into  hydrindene,  Ce 

In  the  course  of  our  experiments  on  hydrindene  and  indene  de- 
rivatives, we  have  endeavoured  to  obtain  the  former  hydrocarbon 
synthetically,  that  is,  by  the  removal  of  carbon  dioxide  from  hydrin- 
denecarboxylic  acid,  thus, 

C6H4<™p>CH-COOH   =  C6H4<™p>CH2  +  CO2. 

and  on  experimenting  on  the  action  of  heat  on  the  barium  salt  of 
hydrindenecarboxylic  acid,  both  alone  and  in  the  presence  of  sodium 
methoxide,  we  obtained  considerable  quantities  of  a  hydrocarbon; 
this,  however,  proved  to  be  indene  and  not  hydrindene,  loss  of 
hydrogen  having  taken  place  during  the  decomposition.  In  carrying 
out  these  experiments,  the  first  method  employed  was  that  recom- 
mended by  Mai  (Ber.,  .22,  42133)  for  the  preparation  of  hydrocarbons 
of  high  molecular  weight  from  their  carboxylic  acids,  namely,  distil- 
lation of  a  mixture  of  the  barium  salt  of  the  acid  with  sodium 
methoxide  under  reduced  pressure.  Molecular  proportions  of  pure, 
dry  barium  hydrindenecarboxylate  and  of  sodium  methoxide  (dried 
at  200°  in  a  stream  of  hydrogen)  were  intimately  mixed  in  a  hot 
mortar,  and  then  transferred  to  a  retort,  which  was  connected  with 
a  water  condenser  and  receiver,  the  latter  being  attached  to  a  vacuum 
pump.  On  carefully  heating  the  retort  with  a  bunsen  flame,  the 
mixture  soon  began  to  decompose,  with  evolution  of  dense  vapours 
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and  distillation  of  a  yellow  oil,  the  contents  of  the  retort  becoming 
quite  black  and  intumescing  considerably,  especially  towards  the 
close  of  the  operation  (which  was  conducted  throughout  under  a 
pressure  of  100  mm.). 

The  oily  distillate  (from  28  grams  of  barium  salt),  about  10  grams, 
contained  some  drops  of  water  ;  it  was  dissolved  in  ether,  the 
ethereal  solution  dried  over  anhydrous  potassium  carbonate,  eva- 
porated, and  the  residual  oil  submitted  to  fractional  distillation. 
During  the  first  distillation,  7  grams  passed  over  between  176°  and 
185°  as  a  colourless  oil,  from  which,  on  repeated  fractionation  over 
sodium,  a  comparatively  large  proportion  was  very  easily  obtained, 
boiling  constantly  at  ISO'S  —  181°  (764  mm.).  It  gave  the  following 
numbers  on  analysis. 

0-1570  gave  0-5354  C02  and  0'1005  H20.      C  =  93-01  ;   H  =  Ml. 
C9H8  requires  C  =  9300  ;  H  =  6'90  per  cent. 

The   formula   of    this   hydrocarbon    was,    therefore,    C9H8,    and    a 

fPT 

further  study  of  its  properties  proved  it  to  be  indene,  C6H4<pTT  5>CH, 

and  apparently  identical  with  the  substance  obtained  by  Kramer  and 
Spilker  from  coal  tar  (b.  p.  179'5—  180'5°  corr.).  Thus  the  hydro- 
carbon obtained  by  us,  when  mixed  with  a  drop  of  concentrated 
sulphuric  acid,  was  converted  into  the  peculiar,  reddish-brown  resin 
described  by  Kramer  and  Spilker,  and  called  by  them  paraindene. 
When  mixed  with  picric  acid  in  benzene  solution,  a  beautiful, 
brilliant,  yellow  picrate  was  obtained,  very  similar  in  properties  to  the 
pic^ate  of  the  indene  obtained  from  coal  tar.  Lastly,  when  reduced 
by  sodium  and  alcohol,  our  hydrocarbon  was  converted  quantitatively 
into  a  hydrocarbon,  C9H10,  identical  with  the  hydrindene  obtained  by 
Kramer  and  Spilker  under  similar  conditions  from  coal  tar  indene. 

Some  time  after  completing  these  experiments,  and  in  the  hope  of 
obtaining  dihydrindene  ketone, 


and  hydrindene  aldehyde,  C6H4<^g2>CH-COH,  we  prepared  the 

barium  salt  of  hydrindenecarboxylic  acid,  and  carefully  studied  the 
action  of  heat  on  the  dry  salt  alone,  and  also  on  a  mixture  of  the  salt 
with  barium  formate.  On  distilling  the  barium  salt  alone,  under 
reduced  pressure  (100  mm.),  decomposition  took  place  very  readily, 
and  a  yellow  oil  passed  over,  which,  after  drying  in  ethereal  solution 
over  potassium  carbonate  and  fractionation,  yielded  an  oil  boiling  at 
175  —  185°  ;  a  very  small  quantity  of  an  oil  of  high  boiling  point  was 
also  obtained,  but  was  not  further  examined.  The  fraction  175  —  185°, 
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when  twice  distilled  over  sodium,  passed  over  almost  entirely  at 
180 — 180'5°,  and  on  examination  and  analysis  was  found  to  consist  of 
pure  indene.  Found  C  =  92-91 ;  H  =  7' 10  per  cent.  Theory  for 
C9H8 :  C  =  93-10  ;  H  =  6-90  per  cent. 

This  result  was  the  more  remarkable  in  view  of  the  fact  that  the 
hydrocarbon  was  produced  in  such  large  quantity,  the  amount  actu- 
ally obtained  being  only  slightly  below  that  from  the  distillation  of 
a  mixture  of  the  barium  salt  with  sodium  methoxide.  Similar  results 
were  obtained  on  distilling  a  mixture  of  the  barium  salt  with  barium 
formate.  The  oily  distillate  gave  no  trace  of  a  compound  with 
sodium  hydrogen  sulphite,  showing  that  no  aldehyde  had  been  pro- 
duced, and  on  fractionation  an  oil  was  obtained  which  had  all  the 
properties  of  indene. 

Hydrindene,  C6H4<^>CH2. 

The  redaction  of  indene  to  hydrindene  was  carried  out  in  the  fol- 
lowing way.  Pure  indene  was  dissolved  in  ethylic  alcohol,  and 
treated  as  rapidly  as  possible  with  three  times  the  calculated  quantity 
of  sodium,  and  the  product  mixed  with  water ;  the  milky  liquid 
was  then  extracted  three  times  with  ether,  the  ethereal  solution 
washed  with  water  until  free  from  alcohol,  dried  over  anhydrous 
potassium  carbonate,  and  evaporated.  After  fractioniug  the  residual 
hydrocarbon  three  times  over  sodium,  a  colourless  oil  was  obtained 
which  boiled  constantly  at  176 — 177°. 

01612  gave  0-5409  C02  and  0-1249  H20.     C  =  91-51 ;  H  =  8-61. 
C9H10  requires  C  =  91'53;  H  =  8'47  per  cent. 

This  substance  is  identical  with  the  hydrindene  described  by 
Kramer  and  Spilker  (loc.  cit.,  p.  3281),  which  boils  at  176— 176'5° 
(corr.).  It  differs  very  markedly  from  indene  in  that  it  gives  no 
resinous  substance  when  treated  with  concentrated  sulphuric  acid, 
the  hydrocarbon  remaining  apparently  unchanged  a.t  ordinary  tem- 
peratures ;  in  fact  Kramer  and  Spilker  purified  their  hydrindene  from 
indene  by  treatment  with  concentrated  sulphuric  acid  and  subsequent 
distillation  in  steam.  ' 

Determination  of  the  Density,  Magnetic  Rotation,  and  Refractive  Power 

of  Goal  Tar  and  Synthetical  Indene  and  Hydrindene. 
Although  the  boiling  points  and  general  chemical  properties  of  the 
specimens  of  indene  and  hydrindene  obtained  from  hydrindene- 
carboxylic  acid  agree  well  with  those  of  the  hydrocarbons  isolated 
from  coal  tar  by  Kramer  and  Spilker,  it  was  thought  that  before 
deciding  as  to  the  identity  of  the  various  products,  it  would  be  well 
if  their  physical  properties  were  studied  side  by  side ;  and  we  are 

c  2 


249 


PERKIN  AND  REVAY  :    SYNTHESIS   OF  INDENE, 


much  indebted  to  Dr.  Spilker  for  supplying  us  with  several  samples 
of  his  purest  coal  tar  indene  and  hydrindene,  thus  enabling  a  direct 
comparison  to  be  made. 

The  determination  of  the  density,  magnetic  rotation,  and  refractive 
power  of  the  following  specimens  was  carried  out  by  W.  H.  Perkin, 
Sen.,  and  yielded  very  remarkable  results,  which  appear  to  show  that 
the  indene  from  coal  tar  is  not  identical  with  that  obtained  from  the 
barium  salt  of  hydrindenecarboxylic  acid,  although  the  hydrindenes 
obtained  from  these  substances  on  reduction  appear  to  be  identical. 

I.  Indene  from  barium  hydrindenscarboxylate  distilled  twice  over 
sodium.  B.  p.  181°. 

Density  Determinations.—  d  4°/4°  =  1'0059  ;  d  10°/10°  =  I'OOOS  ; 
d  15°/15°  =  0-9970  ;  d  20°/20°  =  0*9934  ;  d  25°/25°  =  0'9906. 

Magnetic  Rotation. 

t.  Sp.  rotation.  Mol.  rotation. 

15-3°  2-5573  16-200 


Refractive  Power. 

A.  C.  D.  F.  G. 

1-55680     1-57354     1-57980     1-59693     1-61219 


H. 


£— 

d 

u~l 


0-56551     0-57224    0-57849    0-59558    0-61080 
p  65-599      66-380      67-105      69-086      70*853      72-573 


II.  Indene  from  coal  tar. 

Specimen  (A)  was  distilled  twice  from  sodium,  which  removed  a 
quantity  of  a  black  substance.     B.  p.  179'5  —  ISO'S0. 

Density  Determinations.—  d  4°/4°  =    1-0277  ;    d  10°/10°  =   T0225  ; 
d  15°/15°  =  1-0187;  d  20°/20°  =  1-0152;  d  25°/25°  =  1-0221. 

Magnetic  Rotation. 

t.  Sp.  rotation.          Mol.  rotation. 

15-6°  2-4353  13'352 

Refractive  Power. 

A.  C.  D.  F.  G.  H. 

/»....      1-55818     1-56454    1-57107     1-58743     1-60220 

^-i.     0-54726     0-55349     0-55990    0-57549     0-59042       — 
d 

£--—     63-482       64-205       64-948      66-809    '  68*489 


The  density  of  indene  from  the  barium  salt  is  lower,  the  magnetic 
rotation  and  refractive  power  considerably  higher,  than  these  values 
of  coal  tar  indene. 
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Dr.  Spilker  suggested  that  these  discrepancies  might  be  due  to  the 
contamination  of  the  coal  tar  indene  with  some  hydrindene  produced 
when  the  hydrocarbon,  which  was  possibly  not  quite  dry,  was  dis- 
tilled over  sodium  ;  he  then,  very  kindly,  sent  another  sample  (B), 
which  was  fractioned  over  caustic  potash,  and  the  portion  boiling  at 
178 — 179°  was  examined. 

Density  Determinations.— d  474°  =  1*06003  ;  d  15715°  =  1-05086  ; 
d  25°/25°  =  1-04391. 

Magnetic  Rotation. 

t.  Sp.  rotation.  Mol.  rotation. 

16°  2-4357  14-946 

Both  these  series  of  numbers  are  higher  than  those  first  obtained 
with  Sample  A. 

This  sample  was  then  purified  by  conversion  into  the  picrate, 
according  to  Kramer  and  Spilker's  directions  ;  it  was  dehydrated  by 
distilling  over  potash,  and  the  fraction  178*5°  to  179-5°  examined. 

Density  Determinations.— d  4°/4°  =  1-0479  ;  d  10°/10°  =  1-0427  ; 
d  15°/15°  =  1-0387  ;  d  20720°  =  1-0350  ;  d  25°/25°  =  1-0319. 

Magnetic  Rotation. 

t.  Sp.  rotation.  Mol.  rotation. 

21-56  2-4481  15-255 

These  numbers  differ  slightly  from  those  obtained  before  conversion 
into  the  picrate,  the  density  being  lower  and  the  magnetic  rotation 
somewhat  higher. 

In  comparing  the  results  obtained  in  the  examination  of  the  indene 
prepared  from  the  barium  hydrindenecarboxylate  with  these  last 
numbers,  it  will  be  noticed  that  the  density  of  the  former  is  much 
lower  (0*0420  at  4°)  than  that  of  the  latter,  while  the  magnetic 
rotation  is  much  higher  (0*945).  The  differences  are  so  large  that 
they  can  scarcely  be  due  to  slight  impurity,  and  it  appears  probable, 
therefore,  that  the  two  hydrocarbons  are  distinct,  and  represented 
possibly  by  the  formulae 


and 


t  would,  however,  be  very  difficult  to  decide  which  of  these  repre- 
sents coal  tar  indene  for  example. 

Hydrindene  (from  hydrindenecarboxylic  acid)  prepared  by  reducing 
with  sodium  and  alcohol  the  specimen  of  indene  used  in  the  deter- 
minations just  described,  was  fractioned  three  times  over  sodium. 
B.  p.  176-5—177-5°. 

Density  Determinations.—  d  474°  =  0'9732  ;  d  10710°  =  0'9681  ; 
d  157150  =  0-9645;  d  20°/20°  =  0'9611;  d  25725°  =  0'9559. 
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Magnetic  Rotation. 

f.  Sp.  rotation.  Mol.  rotation. 

19-25°  2-0399  13-904 

Refractive  Power. 

A.  C.  D.  F.  G.  H. 

^  ----      1-52899     1-53394     1-53877     1-55114     1-56136       — 

^—  1*.      0-54950    0-55474    0-55977    0-57261    0-58323       — 
a 

£-±     64-850      65-460      66-053      67'572      68*829        70-00 


Hydrindene  from  coal  tar,  distilled  three  times  over  sodium.     B.  p. 
176—176-5°. 

Density  Determinations.—  d  4°/4°  =  0'9655  ;    d  10°/10°  =  0'9606  ; 
d  15°/15°  =  0-9570;  d  20°/20°  =  0*9536;  d  25°/25°  =  0-9507. 

Magnetic  Rotation. 

t.  Sp.  rotation.  Mol.  rotation. 

15-95°  2-0465  13-971 

Refractive  Power. 

A.  C.  D.  F.  a. 

fi  ........      1-52908     1-53431     1-53896     1-55105     1-56154 

-1*":1....     0-55123    0-55669    0-56153    0-57412    0-58506 
a 

..   64-046      65-689      66-261      67747      69-039 


d 

Although  the  two  sets  of  numbers  do  not  agree  as  well  as  could  be 
desired,  they  are  still  sufficiently  close  to  show  that  the  two  samples 
of  hydrindene,  obtained  by  such  different  methods,  are  in  all  prob- 
ability identical,  not  only  in  chemical,  but  also  in  physical,  properties. 

Action  of  Bromine  on  Hydrindene. 

When  hydrindenecarboxylic  acid  is  treated  with  bromine  in  chloro- 
form solution,  it  is  converted,  in  part  at  least,  into  indenecarboxylic 
acid,  with  loss  of  2  atoms  of  hydrogen  ;  and  it  appeared  interesting 
to  determine  whether  hydrindene  itself  under  similar  circumstances 
would  yield  indene.  Thus, 

C6H4<°g*>CH2  +  Br2  =  C6H4<^2>CH  +  2HBr. 

11  grams  of  hydrindene  was  dissolved  in  30  grams  of  pure  dry 
chloroform,  and  16  grams  of  bromine,  dissolved  in  10  grams  of  chloro- 
form, added  from  a  dropping  funnel.  Hydrogen  bromide  was  evolved 
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in  abundance,  and  the  action  was  so  energetic  that  it  was  necessary 
from  time  to  time  to  cool  the  mixture.  As  soon  as  the  action  was 
finished,  the  product  was  dissolved  in  ether,  washed  well  with  water 
and  dilute  sodium  carbonate  solution,  dried  over  calcium  chloride, 
and  the  ether  and  chloroform  distilled  off.  .  The  residue  was  then 
divided  into  two  parts,  one  of  which  (1)  was  distilled  under  reduced 
pressure,  and  the  other  (II)  under  ordinary  pressures. 

I.  On  fractioning  the  almost  colourless   oil  under   a  pressure  of 
50  mm.,  a  considerable  portion  distilled  between  115°  and   140°,  and 
the  temperature  then  rose  rapidly  to  175°,  the  greater  portion  distilling 
between  180°  and  185°,  a  little  hydrogen  bromide  being  given  off. 
The   colourless  product,   which  fumed   only   very  slightly,    gave  on 
analysis   numbers  agreeing   approximately  with  those  required  for 
dibromhydrindene. 

0-1505  gave  0-2241  C02  and  0'0458  H2O.     C  =  40'61 ;  H  =  3'38. 
0-2205     „     0-2951  AgBr.     Br  =  56'97. 
C9H8Br2  requires  C  =  39'13  ;  H  =  2'90 ;  Br  =  57'97  per  cent. 

The  dibromhydrindene  thus  produced  has  probably  the  constitution 

/-1TTT» 

C6H3Br<^g  _>CH2.     It  is  a  colourless  oil,  which,  when  distilled 

under  ordinary  pressures,  and  also  when  repeatedly  fractioned  under 
reduced  pressure,  is  decomposed  into  hydrogen  bromide  and  mono- 
bromindene  (see  below). 

C6H3Br<°g2>CH  +  HBr. 

The  fraction  115 — 140°  (50  mm.)  which  contained  hydrogen  brom- 
ide, was  washed  with  water  and  carbonate  of  soda  solution,  and  dried 
over  calcium  chloride  ;  on  distillation,  the  greater  portion  came  over 
between  175°  and  182°,  consisting  apparently  of  a  mixture  of  much 
unchanged  hydrindene  with  some  indene.  The  presence  of  the  latter 
is  rendered  probable  by  the  fact  that,  on  treatment  with  sulphuric 
acid,  this  fraction  gave  a  yellowish -red  amorphous  substance,  re- 
sembling indene  resin  in  all  respects. 

II.  The   second  portion    of   the  crude   product   of  the  action   of 
bromine  on  hydrindene  was  distilled  under  ordinary  pressure,  when 
a  considerable  quantity  passed  over  below  200°  ;  the  temperature  then 
rose  rapidly  to  230°,  between  which  and  250°  almost  the  whole  dis- 
tilled, abundance    of    hydrogen  bromide  being    evolved    during   the 
operation.     This  fraction  was  dissolved  in  ether,  washed  with  sodium 
carbonate,  dried,  the  ether  distilled  off,   and  the   oil  submitted   to 
repeated  fractionation.     In  this  way  a  colourless  oil  was  obtained, 
boiling  at  242 — 244°,  and  on  analysis  gave  the  following  results. 
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0-2208  gave  0'4418  C02  and  O'OSIO  H20.     C  =  54'57 ;  H  =  4*07. 
0-2940     „     0-2770  AgBr.     Br  =  40'07. 
C9H7Br  requires  C  =  55'39 ;  H  =  3'58;  Br  =  41-02  per  cent. 

This  substance  is,  therefore,  monobromindene,  and  its  constitution 

/"ITT 

must  be  represented  by  the  formula  C6H3Br<£,TT  J>CH,    because, 

when  oxidised  with  nitric  acid,  it  yields  a  monobromophthalic  acid. 

Oxidation  of  Monobromindene. — In  carrying  out  the  oxidation  of 
bromindene,  the  oil  was  mixed  with  about  20  times  its  volume  of 
ordinary  nitric  acid,  an  equal  bulk  of  water  added,  and  the  whole 
gently  warmed.  As  soon  as  the  mixture  began  to  boil,  the  oil  became 
dark  coloured,  and  quantities  of  red  fumes  were  evolved.  After  boiling 
for  three  hours,  with  the  occasional  addition  of  small  quantities  of 
strong  nitric  acid,  the  oil  had  disappeared,  and  a  yellow  solution  was 
obtained  ;  this,  on  evaporation  on  a  water  bath,  deposited  a  viscid, 
gummy  residue,  which  became  quite  hard  when  cold.  This  was  dis- 
solved in  water,  the  solution  allowed  to  evaporate  over  sulphuric  acid 
in  a  vacuum,  and  the  crystalline  cake  which  formed,  after  being 
freed  from  oily  impurity  by  spreading  it  on  a  porous  plate,  was 
repeatedly  recrystallised  from  strong  nitric  acid,  and  from  fuming 
hydrobromic  acid.  In  this  way  a  colourless,  crystalline  mass  was  ob- 
tained, which  melted  at  161 — 162°,  and  decomposed  at  a  slightly  higher 
temperature  into  water  and  the  anhydride  mentioned  below.  The 
analysis  of  this  substance  showed  that  it  was  a  bromophthalic  acid. 

0-1805  gave  0'2587  C02  and  0'0362  H20.    C  =  39'09  ;  H  =  2-22. 
0-2704     „     0-2081  AgBr.     Br  =  32'80. 
C6H3Br(COOH)2  requires  C  =  3918  ;  H  =  2'04 ;  Br  =  32'66  p.  c. 

The  anhydride  of  this  acid  was  prepared  by  heating  it  at  200°, 
until  all  evolution  of  gas  had  ceased,  and  then  repeatedly  recrys- 
tallising  the  residue  from  boiling  light  petroleum  (60 — 80°).  The 
beautiful  leafy  crystals  thus  obtained  melted  sharply  at  106°,  and  gave 
the  following  numbers  on  analysis. 

0-1517  gave  0'1248  AgBr.     Br  =  35'01. 

PO 
C6H3Br<£Q>0  requires  Br  =  35'24  per  cent. 

This  bromophthalic  acid  is  probably  identical  with  a-bromo- 
phthalic  acid  [COOH  :  COOH  :  Br  =  1:2:4]  obtained  by  Nourrisson 
(_Ber.,  20,  1017)  by  the  oxidation  of  parabromorthotoluic  acid, 
C6H3Br(CH3>COOH,  [COOH  :  CH3 :  Br  =  1 :  2  :  4].  The  melting  point 
of  this  acid  is  168°,  and  it  gives  an  anhydride  melting  at  106 — 108°. 
It  is,  however,  also  possible  that  it  is  identical  with  orthobromophthalic 
acid,  [COOH:  COOH :Br  =1:2:3],  melting  at  156—158°,  which 
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Racine  (Annalen,  239,  76)  obtained  by  the  oxidation  of  orthobrom- 
orthotoluic  acid  [COOH  :  CH3 :  Br=l :  2  :  6],  and  the  anhydride  of 
which  melts  at  95°. 

In  any  case  the  formation  of  a  bromophthalic  acid  proves  that  the 
bromine  atom  in  bromindene  is  situated  in  the  benzene  ring. 

Chemical  Laboratory, 

The  Owens  College,  Manchester. 
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Some  derivatives  of  propionic  acid,  of  acrylic  acid,  and  of  glutaric 

acid. 

By  WILLIAM   HENRY   PERKIN,  jun. 

THESE  researches  originated  in  an  attempt  to  prepare  synthetically  an 
acid  of  the  formula 

CH-COOH 
HCX\ 


E)(CH3)-COOH 

which  Bredt  (Ber.,  1893,  26,  3049)  first  proposed  as  being  a  very 
probable  expression  of  the  constitution  of  camphoric  acid. 

The  starting  point  selected  was  ccpp-trimethylprop-Lonic  acid  (methyl- 
isopropylacetic  acid),  and    this  was  prepared  by  a   method  already 
described  by  Romburgh  (Rec.  Trav.  Chim.,  1886,  5,  236),  namely,  the 
distillation  of  methylisopropylmalonic  acid. 
CH(CH3)2-C(CH3)(COOH)2  =  CH(CH3)2-CH(CH8)-COOH  +  C02. 

The  very  carefully  purified  acid  was  then  converted  into  ethylic 
x-bromotrimethylpropionate,  CH(CH3)2-CBr(CH3)-COOC2H5,  by  first 
treating  it  with  phosphorus  and  bromine  (Hell,  Ber.,  1881,  14,  891  ; 
Volhard,  Annalen,  1887,  242,  161),  and  subsequently  pouring  the 
product  into  absolute  alcohol. 

If  now  this  ethereal  salt  were  treated  with  alcoholic  potash,  it 
should  yield  an  unsaturated  acid,  C6H10O2,  and  in  the  formation 
of  this  acid  it  was  anticipated  that  the  elimination  of  hydrogen 

b 
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bromide  would  take  place  between  the  bromine  atom  and  the 
0- hydrogen  atom  marked  *  thus  : 

CH(CH3)2-CBr(CH3)-COOC2H5  +  2KOH  = 

C(CH3)2:C(CH3)-COOK  +  C2H5-OH  +  KBr  +  H20, 

with  formation  of  afifi-trimethylacrylic,  acid,  and  not  between  the 
bromine  atom  and  a  hydrogen  atom  of  the  a-methyl  group,  to  form 
a-isopropylacrylic  acid, 

CH(CH3)2-CBr(CH3)-COOC2H6  +  2KOH  = 

CH(CH3)2-C(:CH2)-COOK  +  C8H5«OH.  +  KBr  +  H2O, 

because  it  is  generally  found  that  the  hydrogen  atom  in  the  CH  of 
the  isopropyl  group  reacts  much  more  readily  than  the  hydrogen 
atoms  in  methyl  or  ethyl  groups. 

Now,  as  Auwers  and  many  others  have  shown,  the  ethereal  salts  of 
a/3-unsaturated  acids  readily  condense  with  the  sodium  derivative  of 
ethylic  malonate,  forming  additive  products;  for  example,  in  the 
case  where  ethylic  acrylate  is  employed,  the  substance  formed  is 
ethylic  propanetricarboxylate : 

(COOC2H6)2CH2  +  CH2:CH-COOC2H6  = 

(COOC2H6)2CH-CH2-CH2-COOC2H5. 

As  this  reaction  takes  place  in  all  the  cases  which  have  so  far  been 
investigated,  it  seemed  probable  that  if  ethylic  trimethylacrylate 
were  digested  in  alcoholic  solution  with  the  sodium  derivative  of 
ethylic  malonate,  a  similar  condensation  would  take  place,  and  that 
ethylic  trimethylpropanetricarboxylate  would  be  formed,  thus  : 

(COOC2H6)2CH2  +  C(CH3)2:C(CH3)-COOC2H6  = 

(COOC2H5)2CH-C(CH3)2-CH(CH3)-COOC2H5. 

This  ethereal  salt  would  be  a  most  interesting  substance  in  many 
ways,  as,  apart  from  the  capability,  which  it  would  possess,  of  form- 
ing a  sodium  compound, 

(COOC2H5)2CNa-C(CH3)2-CH(CH3)'COOC2H6, 

and  its  consequent  value  in  synthetical  work,  it  would,  on  hydrolysis, 
yield  a  tribasic  acid,  which,  when  heated,  would  lose  1  mol.  of 
carbon  dioxide,  with  formation  of  afifi-trimethylglutaric  acid. 

(COOH)2CH-C(CHS)2-CH(CH3)-COOH  = 

COOH-CH2-C(CH3)2-CH(CH3)-COOH  +  C02. 

It  would  be  very  interesting  to  synthesise  this  acid,  in  order  to 
compare  the  synthetical  acid  with  an  acid  which  L.  Balbiano  (Ber., 
1895,  28,  1507)  obtained  from  a  product  of  the  oxidation  of  cam- 
phoric acid  with  cold  potassium  permanganate,  and  which  this  chemist 
considers  to  be  a/3/3-trimethylglutaric  acid. 
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In  using  ethylic  trimethylpropanetricarboxylate  for  the  synthesis 
of  camphoric  acid,  it  was  next  proposed  to  treat  its  sodium  derivative 
with  ethylene  chlorhydrin,  in  order  in  this  way  to  prepare  ethylic 
hydroxyethyUrimethylpropanetricarboxylate,  thus : 

(COOC2H5)2CNa-C(CH3)2-CH(CH3)-COOC2H5  +  CH2C1-CH2-OH 
=  (COOC2H5)2-C(CH2-CH2OH)-C(CH3)2-CH(CH3)-COOC2HS 

+  NaCl, 

a  decomposition  which  might  be  expected  to  proceed  in  this  way,  since 
a  strictly  analogous  reaction,  namely,  the  synthesis  of  ethylic  hydr- 
oxyethylacetoacetate,  CH3-CO'CH(CH2-CH2-OH)-COOC2H5,  by  the 
interaction  of  ethylene  chlorhydrin  with  the  sodium  compound  of 
ethylic  acetoacetate,  has  been  accomplished  by  Chanlarow  (Annalen, 
1884,  226,  326). 

On  hydrolysing  the  ethereal  salt  thus  obtained,  the  corresponding 
tri basic  acid  would  be  formed,  and  this,  as  it  is  a  derivative  of  malonic 
acid,  should,  when  carefully  heated,  lose  1  mol.  of  carbon  dioxide, 
with  formation  of  kydroxyethyltrimethylglutaric  acid. 

(COOH)2C(CH2-CH2-OH)-C(CH3)2-CH(CH3)-COOH  = 

COOH-CH(CH2-CH2-OH)-C(CH3)2'CH(CH3)-COOH  +  C02. 

Lastly,  as  Bredt's  formula  for  camphoric  acid  represents  this  sub- 
stance as  containing  a  5-carbon  ring,  and  as  this  ring  is  generally 
produced  vvith  great  ease,  it  seemed  possible  that,  by  treatment  with 
dehydrating  agents,  or  by  other  means,  an  acid  of  this  formula  might 
be  formed  by  the  simple  elimination  of  water  from  hydroxy  ethyl  - 
trimethylglutaric  acid,  thus  : 

CH-COOH  CH-COOH 

9H2  ..  H?'9        >C(CH3)2  +  H20. 

OHJOHj    )>C(CH3)2  =    H2 

!    H!(>CH3 

600H  COOH 

In  investigating  the  various  reactions  described  above,  very  un- 
expected difficulties  were  met  with,  necessitating  a  very  careful 
examination  of  the  methods  of  preparation  and  behaviour  of  a  large 
number  of  interesting  substances  which  had  not  previously  been  pre- 
pared, and  I  beg  now  to  lay  before  the  Society  an  account  of  some  of 
the  experiments  which  have,  so  far,  been  carried  out,  reserving  the 
description  of  the  others  for  a  future  occasion. 

As  preliminary  experiments  soon  showed  that  the  preparation  of 
pure  a/3/3- trimethylpropionic  acid,  CH(CH3)2-CH(CH3)-COOH,  in 
quantity  required  much  time,  and  was  a  matter  of  considerable  diffi- 

6  2 
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culty,  and  as  the  preparation  is  a  very  expensive  one,  it  was  thought 
best,  in  the  first  place,  to  experiment  with  isovaleric  acid  (ftfi-di- 
methylpropionic  acid),  CH(CH3)2-CH2'COOH,  in  order  to  discover 
the  conditions  which  would  probably  be  most  favourable  for  the  sub- 
sequent work  with  the  trimethyl  acid. 

Pure  isovaleric  acid  was  brominated  in  the  presence  of  phosphorus 
in  the  usual  way,  and  the  product  converted  into  ethylic  a-bromo- 
valerate,  CH(CH3)2-CHBr'COOC2H5,  by  treatment  with  alcohol,  the 
conditions  for  obtaining  the  best  yield  being  carefully  determined. 

In  order  now  to  eliminate  hydrogen  bromide  from  this  brorainated 
ethereal  salt,  it  was  either  hydrolysed  by  means  of  alcoholic  potash, 

CH(CH3)2-CHBr-COOC3H6  +  2KOH  = 

C(CH3)2:CH-COOK  +  C2H6-OH  +  KBr  +  H20, 

or  digested  with  quinoline  (compare  Weiiiig,  Annalen,  1894,  280). 

In  the  first  case,  diinethylacrylic  acid  is  at  once  obtained,  whereas, 
in  the  second  case,  its  ethereal  salt  is  produced,  and  as  in  the  subse- 
quent experiments  the  latter  was  nearly  always  required,  the  second 
method  was  most  frequently  employed.  Dimethylacrylic  acid  has 
already  been  described  by  various  investigators  (see  p.  1469)  :  it  is  a 
beautifully  crystalline  acid,  which  melts  at  70°;  ethylic  dimethyl- 
acrylate  is  a  colourless  oil  and  boils  at  155°. 

The  condensation  of  ethylic  dimethylacrylate  with  the  sodium 
derivative  of  ethylic  malonate  was  next  investigated,  and  found  to 
proceed  normally,  ethylic  dimethylpropanetricarboxylate  being  formed, 
thus : 

(COOC2H5)2CH2  -I-  (CH3)2C:CH-COOC2H5  = 

(COOC2H5)2CH-C(CH3)2-CH2-COOC2H5. 

Buf,  the  determination  of  the  conditions  for  obtaining  the  best  yield 
of  this  condensation  product  gave  a  considerable  amount  of  trouble, 
as,  in  working  under  the  conditions  usually  employed,  only  a  very 
small  yield  of  the  substance  is  obtained  ;  *  ultimately,  however,  a 
method  was  devised  by  which  it  is  possible  to  prepare  considerable 
quantities  of  this  ethereal  salt.  Ethylic  dimethylpropanetricarboxy- 
late is  a  colourless  oil,  which  boils  at  203°  (60  mm.)  ;  on  hydrolysis, 

*  An  abstract  of  this  work  on  ethylic  dimethylpropanetricarboxylate  containing 
a  description  of  /3j3-dimethylglutaric  acid  and  some  of  its  derivatives,  appeared 
some  time  since  in  the  Proceedings  (W.  G-oodwin  and  W.  H.  Perkin,  jun.,  1894, 
fi4).  Auwers  (Ber.,  1895,  28,  1130;  Annalen,  1896,292,  145),  not  knowing  of 
this  publication,  subsequently  investigated  the  same  subject,  and  obtained  results 
which  confirm,  in  a  welcome  way,  those  described  here.  Auwers  also  noticed  that 
the  yield  of  ethylic  dimethylpropanetricarboxylate,  obtained  by  condensing  ethylic 
dimethylacrylate  with  the  sodium  derivative  of  ethylic  malonate  under  the  ordinary 
conditions,  was  very  small,  being  only  about  8  per  cent,  of  the  theoretical. 
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it  yields  the  corresponding  tribasic  acid  (m.  p.  173°),  and  this,  when 
heated  at  200°,  loses  carbon  dioxide,  with  formation  of  ftp-  dimethyl  - 
glutaric  acid. 

(COOH)2CH-C(CH3)3-CH2-COOH  = 

C02  +  COOH-CH2-C(CH3)2-CH2-COOH. 

This  melts  at   101°,  an,d,  when  treated  with  acetic  anhydride,  is 

CH  'PO 

converted  into  the  anhydride,  C(CH3)2<QTT2t£,Q>O,  which  melts  at 

124°,  or  23°  higher  than  the  acid  itself,  a  very  unusual  thing,  and 
especially  interesting  when  it  is  remembered  that  camphoric  acid, 
which  is  supposed  by  Bredt  to  be  a  derivative  of  dimethylglutaric 
acid,  yields  an  anhydride  which  melts  29  —  30°  higher  than  the  acid 
itself  does. 

Dimethylaorylic  acid  yields  a  well  characterised  anilic  acid, 
COOH-CH2-C(CH3)2-CH2-CO-NH-C6H6  (m.  p.  134°),  and  this,  at  its 
boiling  point,  is  converted  into  the  corresponding  anil, 


which  melts  at  156—157°. 

One  of  the  most  remarkable  points  in  connection  with  this  acid  is 
its  abnormally  high  dissociation  constant,  the  value  found  by  Dr. 
James  Walker  being  K  =  0'0200.  Dr.  Pfaff  subsequently  examined 
the  acid  obtained  by  Auwers  and  Avery  (Annalen,  1896,  232,  147), 
and  confirmed  the  above  result,  his  determination  giving  the  value 
K  =  O0220.  The  dissociation  constants  in  the  glutaric  series  gener- 
ally vary  between  0'0050  and  O0060,  the  only  other  exception  to 
this  rule,  which  has  so  far  been  observed,  being,  as  Auwers  points 
out,  the  aaa^trimethylglutaric  acid, 

COOH-C(CH3)2-CH2-CH(CH3)-COOH, 

• 

which  has  the  low  dissociation  constant  K  =  0'0035. 

This  point  is  again  interesting  in  view  of  the  possible  connec- 
tion between  camphoric  acid  and  ftp-  dimethylglutaric  acid,  but  in 
this  respect  the  values  for  the  two  acids  are  widely  different,  the 
dissociation  constant  of  camphoric  acid  (K  =  0*00225)  being 
abnormally  low. 

While  the  above  experiments  were  in  progress  and  nearly  com- 
pleted, a  similar  series  of  reactions,  starting  with  a/3/3-  trimethylpropi- 
onic  acid,  CH(CH3)2-CH(CH3)-COOH,  in  the  place  of  isovaleric  acid, 
were  being  pushed  forward. 

In  the  first  place,  this  acid  was  treated  with  bromine  in  the  pres- 
ence of  phosphorus,  under  the  same  conditions  as  those  employed  in 
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the  case  of  isovaleric  acid,  and  the  product  was  decomposed  by  the 
addition  of  alcohol.  In  this  way  a  very  good  yield  of  ethylic  a- 
bromo-app-trimethylpropionate,  CH(CH3)2-CBr(CH3)-COOH,  was  ob- 
tained as  a  colourless  oil  boiling  at  130°  (100  mm.)  without  decom- 
position. 

This  ethereal  salt,  on  hydrolysis  with  alcoholic  potash,  or  when 
digested  with  quinoline,  behaved,  to  all  appearance,  exactly  as 
described  above  in  the  case  of  ethylic  bromisovalerate,  yielding,  in 
the  first  instance,  an  oily  acid  boiling  at  204 — 205°,  and,  in  the  second 
case,  an  ethereal  salt  boiling,  not  very  constantly,  at  162 — 167°  ;  and 
for  a  long  time  it  was  believed  that  these  reactions  proceeded  in  the 
following  manner  : 

(1)  CH(CH3)2-CBr(CH3)-COOC2H6  +  2KOH  = 

C(CH3)2:C(CH3)-COOK  +  KBr  +  H20  +  C2H6-OH; 

(2)  CH(CH3)2-CBr(CH3)'COOC2H5  =  HBr  + 

C(CH3)2:C(CH3)-COOC2H5 ; 

that  the  acid  was,  in  fact,  trimethylacrylic  acid,  and  the  ethereal  salt 
ethylic  trimethylacrylate. 

As  the  work  progressed  it  was,  however,  soon  seen  that  it  was 
most  important  to  be  perfectly  sure  that  the  constitution  of  these 
substances  is  that  given  above,  and  this  was  found  to  be  a  difficult 
matter,  and  entailed  many  months'  work. 

A  quantity  of  the  acid  boiling  at  200 — 205°  was  prepared  by  the 
hydrolysis  of  ethylic  bromotrimethylpropionate,  and  also  by  the 
hydrolysis  of  the  ethereal  salt  produced  by  digesting  this  bromo- 
ethereal  salt  with  quinoline,  the  oily  acid  obtained  in  both  cases  appa- 
rently having  the  same  composition.  When  this  oily  acid  is  allowed 
to  stand  for  a  long  time  in  a  cool  place,  it  gradually  deposits  tbick 
prismatic  crystals  ;  these  were  collected  and  purified  by  recrystallisa- 
tion ;  they  then  melted  at  70 — 71°,  and  were  subsequently  proved  to 
consist  of  pure  afifi-trimethylacrylic  acid,  C(CH3)2;C(CH3)'COOH. 
This  8 eid  combines  with  bromine  to  form  afi-dibromo-afifi-trimethyl- 
propionic  acid,  CBr(CH3)2-CBr(CH3)-COOH  (m.  p.  191°);  with 
hydrogen  bromide  it  yields  p-bromotrimethylpropionic  acid, 

CBr(CH3)2-CH(CH3)-COOH 

(m.  p.  88°),  and  with  hydrogen  iodide,  /3-iodotrimethylpropionic 
acid  (m.  p.  82°);  the  formation  of  these  substances,  which  takes 
place  almost  quantitatively  in  each  case,  was  used  as  a  means  of 
characterising  and  identifying  the  acid. 

In  order  to  prove  that  the  above  acid  was  in  reality  trimethyl- 
acrylic acid,  it  was  necessary  to  prepare  it  by  some  method  which 
left  no  doubt  as  to  its  constitution,  and  this  was  ultimately  accom- 
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plished  by  employing  a  reaction  which  was  first  devised  by  Frank- 
land  and  Duppa,  and  which  has  lately  come  into  some  prominence 
owing  to  the  researches  of  Reformatsky  and  others. 

Frankland  and  Duppa  showed  that  a-hydroxy-derivatives  of  the 
fatty  acids  may  be  prepared  synthetically  by  the  action  of  zinc  on  a 
mixture  of  methylic  oxalate  and  an  alkylic  haloid  ;  methylic  hydroxy- 
isobutyrate,  for  example,  is  formed  when  zinc  acts  on  a  mixture  of 
methylic  oxalate  and  methylic  iodide  (Annalen,  1865,  133,  80)  ;  this 
reaction  may  be  conveniently  represented  thus: 

«*»>•»• 


Reformatsky  (Journal  of  the  Russian  Chemical  Society,  1890,  22, 
49)  subsequently  extended  this  reaction  to  ketones  and  ethereal  salts 
of  a-halogen  fatty  acids,  and  succeeded  in  this  way  in  synthesising 
/3-hydroxy-fatty  acids.  As  an  example  of  this  important  method, 
the  action  of  zinc  on  a  mixture  of  acetone  and  ethylic  monochlor- 
acetate  may  be  given. 

I.  (CH3)2CO  +  CH2C1-COOC2H5  +  Zn  = 

C(CH3)2(OZnCl)-CH2-COOC2H5. 
II.  C(CH3)2(OZnCl)-CH2-COOC2H5  +  2H20  = 

OH-C(CH3)2-CH2-COOC2H5  +  Zn(OH)2  +  HC1. 

With  the  aid  of  this  reaction,  trimethylacrylic  acid  may  be  pre- 
pared in  a  way  which  clearly  proves  its  constitution,  and  in  carrying 
out  the  experiment  on  this  point,  I  was  fortunate  in  having  the 
assistance  of  Dr.  J.  F.  Thorpe. 

When  a  mixture  of  acetone  and  ethylic  a-bromopropionate  is 
treated  with  zinc,  under  suitable  conditions,  condensation  readily 
takes  place,  with  formation  of  a  peculiar  zinc  compound,  the  reaction 
evidently  proceeding  in  the  following  way  : 

(CH3)2CO  +  CHBr(CH3)-COOC2H5  = 

C(CH3)2(OZnBr)-CH(CH3)-COOC2H5. 

This  zinc  compound  is  decomposed,  on  treatment  with  water  and 
dilute  sulphuric  acid,  with  formation  of  ethylic  fi-hydroxy-<x.fi(3-tri- 
methylpropionate,  a  thick,  colourless  oil  which  distils  at  105°  (30  mm.) 
without  decomposing. 

C(CH3)2(OZnBr)-CH(CH3)-COOC2H5  +  2H2O  = 

OH-C(CH3VCH(CH3)-COOC2H5  +  Zu(OH)»  +  HBr. 

This  ethereal  salt,  on  hydrolysis,  yields  the  corresponding  hydroxy- 

acid,  a  colourless  oil  which  distils  at  160°  (35  mm.),  and  which  is 
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very    readily  acted    on   by  concentrated   aqueons    hydrobromic  and 
hydriodic  acids,  yielding  /3-bromotrimethylpropionic  acid, 
CBr(CH3)2'CH(CH3)-COOH, 

and  /3-iodotrimethylpropionic  acid  respectively,  substances  which  are 
identical  with  the  acids  already  mentioned  as  being  produced  by  the 
addition  of  hydrogen  bromide  and  hydrogen  iodide  to  trimethylacrylic 
acid.  Lastly,  trimethylacrylic  acid  (m.  p.  70°)  is  obtained  when 
/3-bromotrimethylpropionic  acid  is  treated  with  alcoholic  potash, 

CBr(CH3)2-CH(CH3)-COOH  =  C(CH3)2:C(CH3)-COOH  +  HBr; 
and  as  this  same  acid  is  also  formed  by  the  elimination  of  hydrogen 
bromide  from  a-bromotrimethylpropionic  acid,  it  can  only  have  the 
constitution  represented  by  the  formula  C(CH3)2:C(CH3)'COOH. 

These  experiments  proved  conclusively  that  the  ethereal  salt  formed 
by  the  action  of  quinoline  on  ethylic  a-bromotri  methyl  propionate  as 
described  above,  consists,  certainly  in  part,  of  ethylic  trimethylacry- 
late,  and  for  a  long  time  it  was  thought  that  it  was  composed  wholly 
of  this  compound.  On  this  assumption,  the  experiments  on  the  con- 
densation of  this  ethereal  salt  with  the  sodium  compound  of  ethylic 
malonate  were  proceeded  with,  and  a  condensation  product  was 
obtained,  which  was  naturally  supposed  to  be  ethylic  trimethylpro- 
panetricarboxylate, 

(COOC2H5)2CH2  +  C(CH3)2:C(CH3)-COOC2HS  = 

(COOC2H6)2CH'C(CH3)2-CH(CH3)-COOC2H6. 

Unfortunately  the  yield  of  this  new  substance  is  very  small,  much 
smaller,  indeed,  than  the  yield  of  ethylic  dimethylpropanetricarb- 
oxylate  from  ethylic  dimethylacrylate,  and  a  large  number  of  experi- 
ments carried  out  under  the  most  varying  conditions  failed  to  increase 
the  yield  to  more  than  about  10  per  cent,  of  the  theoretical. 

The  substances  used  in  this  reaction  are  so  difficult  to  prepare  that 
it  was  almost  impossible  to  continue  the  experiments  unless  the  yield 
of  condensation  prod  uct  could  be  considerably  increased,  and  in  order 
to  get  over  the  difficulty,  experiments  on  the  action  of  ethylic  a- 
bromotrimethylpropionate  on  the  sodium  derivative  of  ethylic  malou- 
ate  were  next  instituted.  In  this  decomposition,  which  takes  place 
readily,  it  was,  of  course,  possible  that  the  two  substances  would 
react  normally,  with  formation  of  ethylic  methylisopropylethanetri- 
car  boxy  late,  thus — 

(COOC2H5)2CHNa  +  COOC2H5-CBr(CH3)-CH(CH3)2  = 

(COOC2H5).CH-C(COOC2H6)(CH3)-CH(CH3),  +  NaBr. 

but,  judging  from  the  behaviour  of  other  a-bromo-ethereal  salts,  such 
as,  for  example,  ethylic  a-bromoisobutyrate,  CBr(CH3)2-COOC2H5, 
under  similar  circumstances,  it  seemed  probable  that  the  reaction 


. 
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would  take  place  in  two  stages,  that  is,  that  ethylic  trimethylacry- 
late,  C(CH3)2:C(CH3)-COOC2H5,  would  be  first  formed  by  the  elimi- 
nation of  hydrogen  bromide,  and  that  this  unsaturated  ethereal  salt 
would  then  condense  with  the  ethylic  malonate  present  to  form 
ethylic  trimethylpropanetricarboxylate,  as  explained  above. 

It  was  thought  likely  that,  at  the  moment  of  formation,  the  ethylic 
trimethylacrylate  might  condense  more  readily  with  the  ethylic 
malonate,  and  give  a  larger  yield  of  condensation  product.  Both 
these  assumptions  were  found  to  be  correct,  as  not  only  did  a  careful 
comparison  of  the  product  obtained  prove  that  it  was  identical  with 
the  condensation  product  obtained  on  digesting  the  sodium  derivative 
of  ethylic  malonate  with  the  supposed  ethylic  trimethylacrylate  as 
described  above  ;*  but  the  yield  was  also  considerably  larger,  being, 
indeed,  sometimes  considerably  over  20  per  cent,  of  the  theoretical, 
and  as  this  method  of  preparation  involves  fewer  operations,  and 
therefore  requires  much  less  time,  it  was  used  in  all  subsequent 
preparations  of  this  ethereal  salt. 

In  the  course  of  a  careful  investigation  of  the  condensation  pro- 
duct obtained  by  either  of  the  above  methods,  several  facts  came  to 
light  which  made  it  doubtful  whether,  after  all,  the  substance  was 
really  ethylic  trimethylpropanetricarboxylate.  The  condensation 
product,  on  hydrolysis,  yields  a  beautifully  crystalline  tribasic  acid, 
which,  when  heated  at  200°,  readily  loses  1  mol.  of  carbon  dioxide,  with 
formation  of  a  crystalline  dibasic  acid,  which  should  be  a/3/3- trimethyl- 
glutaric  acid. 

(COOH)2CH-C(CH3)2-CH(CH3)-COOH  = 

C02  +  COOH-CH2-C(CH3)2-CH(CH3)-OOOH. 

The  acid  thus  produced  is  very  similar  to  the  acid  which  Balbiano 
(Ber.,  1895,  28,  1507)  obtained  from  camphoric  acid,  and  which  is 
very  probably  a/3/3- trimethylglutaric  acid;  the  former  melts  at  94 — 95°, 
and  gives  an  anilic  acid,  melting  at  158 — 159°,  whereas  the  latter  melts 
at  89°,  and  yields  an  anilic  acid  melting  at  150°,  but  the  anhydrides 
of  the  two  acids  differ  considerably,  that  from  the  acid  obtained  by 
me  melting  at  53°,  whereas  the  anhydride  of  Balbiano's  acid  melts  at 
80—81°. 

But,  because  the  acid  is  not  identical  with  Balbiano's  acid,  it  does 
not  prove  that  it  is  not  a/S/3-trimethylglutaric  acid,  for  the  reason 

at  the  constitution  of  Balbiano's  acid  is  not  known  with  certainty  ; 


*  These  experiments  were  conducted,  in  the  usual  manner,  in  alcoholic  solution ; 
in  xylene  solution,  also,  the  reaction  proceeds  in  the  same  way,  which  is  rather 
remarkable,  as  usually  the  unsaturated  intermediate  substance  is  not  so  readily 
formed  from  o-bromo-ethereal  salts  under  these  conditions,  the  product  consisting, 
at  all  events  to  a  large  extent,  of  the  normal  ethane  derivative. 
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the  latter  might,  for  example,  quite  well  be  aa/3-trimethylglutaric 
acid,  COOH-C(CH3)2-CH(CH3)-CH2-COOH,  nevertheless  it  seemed 
desirable  to  further  investigate  the  subject,  and,  as  the  result,  it  was 
ultimately  conclusively  proved  that  the  synthetical  acid  is  not  tri- 
methylglutaric  acid,  but  a-isopropylglutaric  acid, 

C  H(CH3)2-CH(COOH)-CH2-CH2-COOH. 

On  oxidation  with  chromic  acid  the  acid  yields,  besides  acetic  acid, 
only  succinic  acid,  whereas  from  trimethylglutaric  acid  under  these 
circa  instances  trimethylsuccinic  acid  should  be  formed. 

CH(CH3)2-|CH(COOH)-CH2-CH2-COOH. 

Isopropylglutaric  acid. 

COOH-JCH2-C(CH3)2-CH(CH3)-COOH. 

Trimetbylglutaric  acid. 

Subsequently  it  was  shown  that  the  acid  is  identical  with  the 
isopropylglutaric  acid,  which,  for  the  sake  of  comparison,  was  syn- 
thesised  by  Mr.  Heinke  and  myself  from  the  product  of  the  action 
of  ethylic  /3-iodopropionate  on  the  sodium  compound  of  ethylic  iso- 
propylmalonate,  by  hydrolysis  and  subsequent  elimination  of  carbon 
dioxide. 

I.  CH(CH3)2-CNa(COOC2H5)2  +  I-CH2-CH2-COOC2H5  = 

Nal  +  CH(CH3)2-C(COOC2H6)2-CH2-CH2-COOC2Hd. 

II.  CH(CH3)2-C(COOH)2-CH2-CH2-COOH  = 

C02  +  CH(CH3)2-CH(COOH)-CH2-CH2-COOH. 

A  careful  re-investigation  of  the  whole  matter  showed  that  when 
ethylic  a-bromotrimethylpropionate  is  treated  with  quinoline,  the 
product  does  not  consist  entirely  of  ethytic  trimethylacrylate,  but  is  a 
mixture  of  this  substance  with  ethylic  a-isopropylacrylate, 

CH(CH3)2-C(COOC2H5):CH3, 

the  elimination  of  hydrogen   bromide  from    the  brom-ethereal  salt 
having  taken  place  in  two  directions. 

I.  (CH3)2CH-c6r(COOC2H6)-CH3  = 

C(CH3)2:C(COOC2H6)-CH3  +  HBr. 

II.  (CH3)2CH-aBr(COOC2H5)-CH3  - 

(CH3)2CH-C(COOC2H6):CH2  +  HBr. 

When  these  mixed  ethereal  salts  are  digested  with  the  sodium 
derivative  of  ethylic  malonate,  the  ethylic  isopropylacrylate  alone 
enters  into  the  reaction. 
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(COOC2H5)2CH,  +  CH2:C(COOC2H5)-CH(CHa)2  = 

(COOC2H5)2CH-CH2-CH(COOC2H5)-CH(CH3),. 

Ethylic  isopropylpropanetricarboxylate. 

The  ethylic  trimethylacrylate  takes  apparently*  no  part  in  the  con- 
densation, and,  indeed,  the  latter  substance  may  be,  at  all  events, 
partially  recovered  from  the  product  of  the  action. 

This  behaviour  of  ethylic  trimethylacrylate  is  very  remarkable, 
and,  so  far,  without  parallel  ;  very  probably  the  further  investigation 
of  the  condensation  of  a/3-unsaturated  ethereal  salts  with  the  sodium 
derivatives  of  ethylic  malonate  and  allied  compounds  will  show  the 
nature  and  number  of  the  groups,  which,  when  attached  to  the 
double  band,  render  the  condensation  a  matter  of  difficulty,  or,  in 
some  cases,  prevent  it  altogether. 

During  the  course  of  these  experiments,  and  while  it  was  thought 
that  the  condensation  product  described  above  had  the  constitution, 
(COOC2H6)2CHt-C(CH3)2-CH(CH)3-COOC2H5,  experiments  were  being 
made  on  the  introduction  of  the  group  -CHyCHyOH,  at  the  point 
marked  f,  for  the  reasons  given  at  the  commencement  of  this  paper. 
These  experiments  were  not  in  the  first  instance  actually  made  with 
this  condensation  product,  owing  to  the  great  difficulty  of  obtaining 
it  in  any  quantity,  but  with  somewhat  similarly  constituted  sub- 
stances which  could  be  more  readily  prepared.  Arguing  from  the 
results  of  Chanlarow's  experiments  on  the  action  of  ethylene  chlor- 
hydrin  on  the  sodium  derivative  of  ethylic  acetoacetate  (Annalen, 
1884,  226,  326),  it  seemed  probable  that  the  best  way  of  achieving 
the  object  in  view  would  be  to  treat  the  sodium  compound  of  this 
condensation  product  with  ethylene  chlorhydrin,  but  although  many 
experiments  were  made  on  the  action  of  this  substance  on  the  sodium 
derivatives  of  ethylic  methylmalouate,  ethylic  isopropylmalonate,  and 
on  the  corresponding  mono -substitution  derivatives  of  ethylic  aceto- 
acetate, in  no  case  could  more  than  traces  of  the  hydroxyethyl  sub- 
stitution product  be  isolated,  the  unaltered  ethereal  salt  being  in  all 
cases  recovered  almost  quantitatively. 

This  want  of  success  led  to  the  investigation  of  the  action  of 
7-phenoxyethylic  bromide,  CeHvOCHvCHgBr,  on  the  sodium  deri- 
vatives of  ethylic  malonate,  ethylic  methyl  malonate,  and  similarly 
constituted  compounds  ;  a  description  of  tbese  experiments,  all  of 
which  gave  satisfactory  results,  has  already  appeared  in  the  Transac- 

*  A  careful  examination  of  the  mother  liquors  from  the  crystallisation  of  the 
isopropylpropanetricarboxylic  acid  resulting  from  the  hydrolysis  of  the  ethylic  salt 
produced  by  the  condensation  failed  to  reveal  the  presence  of  even  traces  of  tri- 
methylpropanetricarboxylic  acid.  This  acid  may,  nevertheless,  of  course  have  been 
present  in  small  quantity  and  have  escaped  detection. 


1468         PEKK1N:   SOME   DERIVATIVES  OF   PROPIONIC  ACID, 

tions  of  this  Society  (W.  H.  Bentley,  E.  Haworth,  and  W.  H. 
Perkin,  Jan.,  1896,  69,  161). 

While  this  preliminary  work  was  in  progress,  the  action  of 
phenoxyet hylic  bromide  and  sodium  ethoxide  on  ethylic  dimethyl- 
propanetricarboxylate  was  being  investigated,  because  this  ethereal 
salt  is  much  more  readily  prepared  than  the  substance  now  known  to 
be  ethylic  isopropylpropanetricarboxylate.  In  this  case  it  was 
expected  that  the  reaction  would  proceed  thus. 

(COOC2H5)2CNa-C(CH3)2-CH2-COOC2H8  +  CH2Br-CH2-OC6H6  = 
(COOC2H5)2C(CH2-CH2-OC6H5)-C(CH3)2-CH2-COOC2H5  +  NaBr. 

But  on  hydrolysing  the  product,  an  acid  was  obtained,  which  was 
not  derived  from  an  ethereal  salt  of  this  constitution  ;  this  was  sub- 
sequently shown  to  be  diphenoxyethylmalonic  acid, 

(C6H5-0-CH2CH2)2C(COOH)2, 

and  identical  with  the  acid  obtained  by  the  action  of  phenoxyethylic 
bromide  and  sodium  ethoxide  on  ethylic  malonate  (Trans.,  1896,  69, 
169),  a  reaction  which  was,  in  fact,  studied  in  order  to  prove  the 
identity  of  the  two  acids. 

It  seems  probable  that  during  the  course  of  the  above  reaction  the 
ethylic  dimethylpropanetricarboxylate  undergoes,  in  the  first  instance, 
partial  decomposition  into  ethylic  malonate  and  ethylic  dimethyl- 
aery  late, 

(COOC2H6)2CH-C(CH3)2-CH2-COOC2H6  = 

(COOC2H5)2CH2  4-  C(CH3)2:CH-COOC2H5, 

a  kind  of  decomposition  which  has  been  observed  in  other  cases,  but 
which  is  particularly  remarkable  in  the  present  instance  as  being  the 
exact  reverse  of  the  process  which  results  in  the  formation  of  the 
ethereal  salt,  namely,  by  the  condensation  of  ethylic  malonate  with 
ethylic  dimethylacrylate  in  the  presence  of  sodium  ethoxide.  The 
regenerated  ethylic  malonate  then  reacts  with  the  phenoxyethylic 
bromide  and  sodium  ethoxide,  with  formation  of  ethylic  dipheiioxy- 
ethylmalonate,  (C6H6-0'CH2-CH2)2C(COOC2H5)2. 

At  first  sight  it  would  seem  more  likely  that  ethylic  phenoxy- 
ethylmalonate,  C6H50-CH2-CH2-CH(COOC2H5)2  (this  vol.,  p.  167), 
would  be  formed  in  this  way,  but  probably  the  decomposition  of  the 
ethylic  dimethylpropaiietricarboxylate  into  ethylic  malonate  and 
ethylic  dimethylacrylate  is  a  gradual  one,  and  thus  the  ethylic 
malonate  would  always  be  in  the  presence  of  excess  of  sodium  ethoxide 
and  phenoxyethylic  bromide. 

Although  these  experiments  did  not  seem  to  indicate  that  there 
was  much  chance  of  the  study  of  the  action  of  phenoxyethylic  bro- 
mide on  the  sodium  compound  of  ethylic  isopropylpropanetricarb- 
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oxylate*  giving  the  desired  results,  it  was  nevertheless  decided  to 
investigate  this  point,  and  the  result  was  certainly  unexpected,  as  the 
reaction  in  this  case  was  found  to  proceed  in  a  perfectly  normal 
manner,  thus. 

(COOC2H5)2CNa-CH2-CH(COOC2H6>CH(CH3)2  +  CH2Br-CH2-0-C6H5 
=  (COOC2H5)2C(CH2-CH2-OC6H6)-CH2-CH(COOC2H5)-CH(CH3)2 

+  NaBr. 

The  yield  of  ethylic  phenoxyethylisopropylpropanetricarboxylate  thus 
obtained  is  certainly  not  good,  but  there  was  no  indication  of  a 
decomposition  of  the  molecule  similar  to  that  observed  in  the  case 
of  ethylic  dimethylpropanetricarboxylate. 

On  hydrolysing  the  product  of  the  above  reaction,  the  correspond- 
ing tribasic  acid  is  obtained  as  a  beautifully  crystalline  substance, 
which  melts  at  180°,  decomposing  at  the  same  time  into  carbon  dioxide 
and  phenoxyethylisopropylglutaric  acid  (m.  p.  93°). 

COOH-CH-dH2-CH-COOH 
C6H5-OCH2-CH2         CH(CH3)2  ' 

When  digested  with  hydrobromic  acid,  this  acid  yields  quantities 
of  phenol,  and  a  new  crystalline  acid,  which  is  probably  bromethyl- 
isopropylglutaric  acid. 

COOH-CH-OH2-CH-OOOH 
CH2Br-CH2        CH(CH3)2  ' 

This  acid  and  the  corresponding  hydroxy-acid,  which  is  formed 
by  boiling  the  bromo-acid  with  sodium  carbonate  solution,  appear  to 
have  very  interesting  properties,  and  will  be  made  the  subject  of  a 
further  investigation,  the  results  of  which  I  hope  to  lay  before  the 
Society  in  a  short  time. 

Some  of  the  experiments  described  in  this  paper  were  carried  out 
with  the  assistance  of  Dr.  J.  F.  Thorpe  and  Mr.  W.  Goodwin  ;  where 
this  has  been  the  case  I  have  stated  the  fact  at  the  commencement  of 
the  section  in  question.  I  beg  to  thank  these  gentlemen,  and  also 
Messrs.  W.  H.  Bentley,  B.  Haworth,  and  J.  L.  Heinke,  for  their 
valuable  assistance  during  the  whole  course  of  this  investigation. 

EXPERIMENTAL. 
pp-DimethylacryUc  acid,  C(CH3)2:CH-COOH.     [With  W.  GOODWIN.] 

This  acid  has  already  been  prepared  by  Miller  (Annalen,  1881, 
206,  261)  by  the  elimination  of  water  from  /^-hydroxyisobntylformic 

*  This  was  of  course  supposed  at  the  time  to  be  ethylic  trimethylpropanetricarb- 
oxylate. 
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acid,  (CH3)2C(OH)'CH2-COOH,  by  boiling  it  with  dilute  snlphuric 
acid,  and  by  Duvillier  (Ann.  Chim.  Phys.,  [5],  19,  428),  by  the  action 
of  sodium  ethoxide  on  ethylic  a-bromovalerate.  Subsequently  Weinig 
(Annalen,  1894,  280,  253)  showed  that  a  good  yield  of  ethylic 
dimethylacrylate  may  be  obtained  by  boiling-  ethylic  a-bromovalerate 
with  diethylaniline. 

In  our  experiments,  we  used  one  of  the  two  following  processes, 
according  as  we  required  the  free  acid  or  its  ethereal  salt. 

1.  The  h}*drolysis  of  ethylic  a-bromovalerate  with  alcoholic  potash. 

2.  The  removal  of  hydrogen  bromide  from  ethylic  a-bromovalerate 
by  means  of  quinoline. 

Method  I.  Preparation  ofDimethylacrylic,  acid. — Potash  (100  grams) 
is  dissolved  in  a  small  quantity  of  boiling  80  per  cent,  alcohol,  the 
solution  heated  on  a  water  bath  in  a  flask  connected  with  a  reflux 
condenser,  and  then  pure  ethylic  a-bromoisovalerate  (100  grams)  added 
as  rapidly  as  possible  through  the  condenser.  As  soon  as  the  very 
vigorous  action  has  subsided,  the  heating  is  continued  for  about  half 
an  hour  ;  water  is  then  added,  the  clear  brownish  solution  evaporated 
until  free  from  alcohol,  acidified,  and  extracted  three  times  with  pure 
ether. 

The  ethereal  extract  is  dried  over  calcium  chloride,  the  ether  dis- 
tilled off,  and  the  residue  fractionated  under  the  ordinary  pressure, 
when  nearly  the  whole  passes  over  between  185°  and  195°  as  a  colour- 
less oil  which,  on  standing,  becomes  completely  filled  with  long, 
colourless  crystals.  These  were  freed  from  adhering  oil  by  means  of 
the  pump,  and  purified  by  recrystallisation  from  light  petroleum 
(b.  p.  50 — 60°)  ;  the  oily  mother  liquor  from  the  crystals,  on  careful 
fractionation,  yields  more  of  the  crystalline  acid ;  ultimately  a  con- 
siderable quantity  of  an  unpleasant  smelling,  oily  liquid  is  left  which 
does  not  crystallise  at  ordinary  temperatures,  and  the  nature  of  which 
we  have  not  investigated. 

Dimethylacrylic  acid  crystallises  from  light  petroleum  in  long, 
colourless  needles  which  melt  at  69°,  and  are  readily  soluble  in  alcohol, 
ether,  and  hot,  light  petroleum,  sparingly  soluble  in  water.  The 
analysis  of  the  acid  gave  the  following  results. 

I.  0-1439  gave  0-3164  CO2  and  0-1040  H2O.     C  =  59'97  ;  H  =  8'02. 

II.  0-1600     „     0-3495     „     „      0'1157      „        0  =  59'56;  H  =  8-03. 

C6H8O2  requires  C  =  60'00  ;  H  =  8'0  per  cent. 

Method  II.  Preparation  of  Ethylic  Dimethylacrylate. — In  the  pre- 
paration  of  this  ethereal  salt,  ethylic  a-bromisovalerate  was  digested 
with  qninoline  instead  of  with  diethylaniline  as  proposed  by  Weinig 
(Annalen,  1894,  280,  253),  because  it  was  found  that  the  former 
reacted  more  vigorously  than  the  latter,  and  yielded  a  product  con- 
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taining  only  traces  of  bromine  ;  the  whole  method  requiring  much 
less  time  than  when  diethylaniline  is  employed. 

Pure  ethylic  a-bromisovalerate,  in  quantities  of  50  grams,  is  heated 
in  a  reflux  apparatus  with  freshly  distilled  coal  tar  quinoline  (75 — 100 
grams),  a  thermometer  being  placed  in  the  liquid  to  allow  of  the 
temperature  being  observed.  At  about  170 — 175°,  and  as  soon  as  the 
reaction  sets  in,  the  flame  is  removed ;  the  whole  boils  gently  for  some 
time,  the  temperature  rising  spontaneously  to  190°.  As  soon  as  the 
action  has  subsided,  the  liquid  is  heated  at  185 — 190°  for  10  minutes, 
the  dark  brown  product  poured  into  excess  of  dilute  hydrochloric 
acid,  extracted  with  ether,  the  ethereal  solution  washed  with  hydro- 
chloric acid,  dried  over  calcium  chloride,  and  the  ether  distilled  off. 

If  the  ethereal  salt  is  required  free  from  bromine,  it  is  again  heated 
with  about  half  its  weight  of  qninoline  in  the  same  manner  as 
before,  and  ultimately  carefully  fractionated  ;  after  three  fractiona- 
tions,  almost  the  whole  passes  over  between  154°  and  155°  as  a  colour- 
less oil  of  penetrating  odour.  An  analysis  gave  the  following  results. 

0-1530  gave  0'3660  CO2  and  01341  H20.     C  =  65'24 ;  H  =  9  43. 
C7H1202  requires  C  =  65'62 ;   H  =  9'37  per  cent. 

When  digested  with  excess  of  potash  in  methyl  alcoholic  solution, 
ethylic  dimethylacrylate  is  completely  hydrolysed  in  less  than  one 
hour;  it  is  not  necessary  to  digest  for  12 — 14  hours,  as  Weinig 
(loc.  cit.,  p.  254)  states.  In  order  to  isolate  the  dimethylacrylic  acid, 
the  product  of  the  hydrolysis  is  evaporated  with  water  until  free  from 
alcohol,  acidified,  extracted  with  ether,  and  purified  as  described 
under  Method  I. 

The  ethylic  dimethylacrylate  used  in  this  research  was  prepared 
partly  by  the  action  of  quinoline  on  ethylic  a-bromisovalerate,  as 
described  above,  and  partly  by  the  etherification  of  pure  dimethyl- 
acrylic  acid.  In  the  latter  case,  the  pure  acid  (50  grams)  was  dissolved 
in  absolute  alcohol  (100  grams),  concentrated  sulphuric  acid  (50 
grams)  added,  and  the  whole  allowed  to  stand  over  night.  Water  was 
then  added,  the  ethereal  salt  extracted  with  ether,  the  ethereal  solution 
washed  with  water  and  dilute  sodium  carbonate  solution,  dried  over 
anhydrous  potassium  carbonate,  and  the  ether  distilled  off.  The 
residual  ethereal  salt,  on  fractionation,  distilled  almost  constantly  at 
154 — 155°,  but  it  did  not  give  very  good  results  on  analysis. 

Found. 

f * ^  Theory. 

I.  II.          III.  C7H1202.        , 

C 65-01     64-91     64-75  p.  c.  65-62  p.  c. 

H 917       9-21       9-22  9'37 
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Ethylic  Dimethylpropanetricarboxylate, 
(COOC2H5)2CH-C(CH3)2-CH2-COOC2H5.     [With  W.  GOODWIN.] 

In  order  to  prepare  this  substance,  pure  ethylic  dimethylacrylate  was 
digested  in  alcoholic  solution  with  excess  of  the  sodium  derivative  of 
ethylic  malonate,  the  quantities  usually  employed  being  the  following. 

Ethylic  malonate 160  grams 

Sodium         ,,        23      „ 

Alcohol        „        250      „ 

Ethylic  dimethylacrylate ...  80      „ 

The  sodium  was  dissolved  in  the  alcohol,  the  slightly  warm  solu- 
tion mixed  with  the  ethylic  malonate,  the  ethylic  dimethylacrylate 
then  added,  and  the  whole  heated  in  a  reflux  apparatus  (or,  in  some 
cases,  in  soda-water  bottles)  for  eight  hours  at  60°,  and  then  for 
eight  hours  on  a  water  bath.  The  opaque,  slightly  brownish  pro- 
duct was  mixed  with  water  and  dilute  hydrochloric  acid,  extracted 
twice  with  ether,  the  ethereal  solution  well  washed  with  water  and 
dilute  hydrochloric  acid,  dried  over  calcium  chloride,  evaporated,  and 
the  residual  oil  purified  by  fractionation  under  reduced  pressure 
(60  mm.). 

After  a  considerable  quantity  of  unchanged  ethylic  dimethylacrylate 
and  ethylic  malonate  had  passed  over,  the  thermometer  rose  rapidly 
to  195°,  almost  the  whole  of  the  residue  distilling  between  this  tem- 
perature and  210°. 

Pure  ethylic  dimethylpropanetricarboxylate  distils  at  203°  (60  mm.). 
Auwers  (loc.  cit.,  p.  113)  found  the  boiling  point  to  be  194°  (43  mm.)  ; 
he  does  not  appear,  however,  to  have  analysed  his  product.  The 
analyses  of  the  ethereal  salt  prepared  by  us  gave  the  following  results. 

I.  0-132  gave  0-2809  C02  and  0-0986  H20.      C  =  58'00  ;  H  =  8'30. 

II.  0-158    „     0-3375    „      „     0-1183     „         C  =  58-25 ;  H  =  8'32. 

CuH2406  requires  C  =  58'33  ;  H  =  8'33  per  cent. 

Ethylic  dimethylpropanetricarboxylate  is  a  moderately  thick, 
colourless  oil,  which,  when  heated  in  small  quantities,  distils  under 
the  ordinary  pressure  almost  without  decomposition. 

The  yield  of  this  ethereal  salt,  obtained  under  the  above  conditions, 
varied  considerably  in  different  experiments,  amounting,  as  it  did  in 
more  than  one  case,  to  over  40  per  cent,  of  theory,  whilst  in  one  or 
two  cases  the  yield  was  as  low  as  21  per  cent.  Auwers,  in  his  experi- 
ments on  the  condensation  of  ethylic  diraethylacrylate  with  ethylic 
malonate  in  alcoholic  solution,  obtained  only  8  per  cent,  of  the 
theoretical  yield  of  this  ethereal  salt ;  but  he  worked  under  different 
conditions  from  those  we  employed. 
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Dimethylpropanetricarboxylic  acid,  (COOH)2CH-C(CH3)/CH2-COOH. 

In  order  to  prepare  this  acid,  20  grams  of  pure  ethylic  dimethyl- 
propanetricarboxylate,  in  methyl  alcoholic  solution,  was  digested 
with  excess  of  potash  (20  grams)  for  two  hours  in  a  reflux  apparatus. 
The  solution  was  then  mixed  with  water,  concentrated  on  a  water 
bath,  boiled  until  quite  free  from  alcohol,  cooled  well,  acidified,  and 
extracted  20  times  with  ether.  The  ethereal  solution,  after  drying 
over  calcium  chloride,  was  evaporated,  and  the  residue  allowed  to 
stand  over  sulphuric  acid  in  a  vacuum  desiccator  until  it  had  almost 
completely  solidified. 

After  standing  for  six  days  in  contact  with  porous  porcelain,  the 
crystals,  which  were  colourless  and  free  from  oil,  were  dissolved  in 
a  little  water,  and  the  solution  filtered  and  saturated  with  hydrogen 
chloride,  the  whole  being  well  cooled  during  the  operation.  The 
acid  soon  commenced  to  separate  in  sandy  crystals,  which,  after  24 
honrs,  were  collected,  drained  on  a  porous  pla.te,  dried  at  100°,  and 
analysed  with  the  following  resnlts. 

0-1501  gave  0-2585  C02  and  0'0815  H20.     C  =  46'99;  H  =  6'04. 
C8H12O6  requires  C  =  47'06 ;  H  =  5'88  per  cent. 

Dimethylpropanetricarboxylic  acid  softens  at  168°,  and  decomposes  at 
173°  with  rapid  evolution  of  carbon  dioxide.  It  is  readily  soluble  in 
water  and  alcohol,  much  less  so  in  ether,  and  only  very  sparingly  in 
hydrochloric  acid,  so  that  when  its  concentrated  aqueous  solution  is 
saturated  with  hydrogen  chloride  the  acid  separates  almost  completely. 
The  pare  substance  is  very  stable,  and  may  be  heated  at  100°  for  a 
considerable  time  without  appreciable  decomposition. 

Salts. — A  neutral  solution  of  the  ammonium  salt  of  the  acid  gives 
no  precipitate  with  copper  sulphate  or  with  barium  or  calcium 
chlorides ;  but  on  the  addition  of  lead,  acetate,  a  voluminous  gelatin- 
ous precipitate  is  produced. 

The  silver  salt,  C8H906Ag3,  was  prepared  by  adding  silver  nitrate 
to  a  slightly  alkaline  solution  of  the  ammonium  salt ;  it  is  a  white, 
curdy  precipitate,  insoluble  in  water.  After  well  washing  and 
drying,  first  over  sulphuric  acid  and  then  at  100°,  the  following 
results  were  obtained  on  analysis. 

I.  0-1809  gave  on  ignition  0'1108  Ag.     Ag  =  61'26. 

II.  0-2159        „  „         0-1325    „       Ag  =  61'37. 

CsH^OeAgg  requires  Ag  =  61 '71  per  cent. 

pfi-Dimethylglutaric  acid,  COOH-CH2-C(CH3)2-CH2-COOH. 
[With  W.  GOODWIN.] 

This  acid  is    formed   when    dimethylpropanetricarboxylic   acid   is 


1474         PERKIN:    SOME   DERIVATIVES   OF   PROPIONIC   ACID, 

heated  above  its  melting  point.  Iii  carrying  out  this  decomposition 
quantitatively,  the  following  behaviour  was  observed. 

7'1825  grams  of  the  tribasic  acid  heated  in  a  wide  test  tube  at 
185—190°  for  3—4  minutes  lost  1'6070  gram  =  22'4  per  cent.,  but 
on  continuing  the  heating  for  half  an  hour,  the  loss  was  V92  gram 
or  26'7  per  cent.  Theoretically,  for  the  elimination  of  one  molecule  of 
carbon  dioxide,  the  loss  should  bei  2 1 '5  per  cent. ;  this  agrees  with 
the  results  obtained  on  heating  the  acid  for  a  short  time  at  185  — 
190°.  The  further  loss  on  prolonged  heating  is  due  to  anhydride 
formation,  and,  to  a  small  extent,  to  sublimation. 

The  residue  from  this  experiment  solidified  completely  on  cooling. 
It  was  powdered,  dissolved  in  water,  and  the  solution  saturated  with 
hydrogen  chloride.  On  standing,  beautiful,  colourless  crystals  sepa- 
rated, which,  after  drying  at  100°,  gave  the  following  results  on 
analysis. 

I.  0-1694  gave  0-3256  CO2  and  0'1177  H20.     0  =  52-42 ;  H  =  7'72. 
II.  0-1538    „     0-2962    „      „    0-1071     „        C  =  52-53 ;  H  =  7'73, 

C7H1204  requires  C  =  52'50.     H  =  7'50  per  cent. 

pp-Dimethylglutaricacid  is  a  colourless,  crystalline  substance  which 
melts  at  101°.  It  is  very  readily  soluble  in  water,  alcohol,  and  ether,  but 
only  sparingly  in  hydrochloric  acid,  benzene,  and  light  petroleum ;  it 
crystallises  well  from  water  in  colourless  needles,  but  is  most  readily 
and  economically  obtained  pure  by  recrystallisation  from  hot  hydro- 
chloric acid,  as  described  above,  as  in  this  way  very  little  remains  in 
the  mother  liquor. 

Salts  of  pp-Dimethylglutaric  acid.  Silver  Salt,  C7H10Ag204.— This 
salt  was  prepared  by  adding  silver  nitrate  to  the  slightly  alkaline 
solution  of  the  ammonium  salt.  It  is  a  white,  insoluble  precipitate, 
which,  after  well  washing  with  water  and  drying  at  100°,  gave  the 
following  results  on  analysis. 

I.  0-1608  gave  0'1320  CO2,  0'0403  H2O,  and  0-093  Ag.     C  =  22'38 ; 
H  =  2-79;  Ag  =  57-83. 

II.  0-201  on  ignition  gave  0'1159  Ag.     Ag  =  57'66 
C7H10Ag2O4  requires  C  =  22'46  ;  H  =  2'66 ;  Ag  =  57'76  per  cent, 

A  neutral  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  reagents.  Calcium  chloride  and  barium  chloride  give 
no  precipitate  even  on  boiling.  Copper  acetate  gives  no  precipitate  in 
the  cold,  but,  on  boiling,  a  light  blue,  apparently  crystalline  precipi- 
tate separates.  Lead  acetate  also  gives  no  precipitate  in  the  cold, 
but,  on  warming,  the  solution  rapidly  becomes  turbid,  and  an 
amorphous  lead  salt  separates. 
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Ethylic  Dimethylglutarate,  COOC2H5-CH2-C(CH3)2-CH2-COOC2H6. 

This  was  prepared  by  dissolving  the  pure  acid  in  absolute  alcohol, 
adding  concentrated  sulphuric  acid  (^  vol.),  and  allowing  the  mixture 
to  stand  for  two  days  ;  it  was  then  heated  in  the  water  bath  for  two 
hours,  mixed  with  water,  and  the  oily  ethereal  salt  extracted  with 
ether.  The  ethereal  extract  was  washed  well  with  dilute  sodium 
carbonate,  dried  over  anhydrous  potassium  carbonate,  evaporated,  and 
the  residual  oil  purified  by  distillation  under  reduced  pressure,  when 
almost  the  whole  quantity  passed  over  at  170  —  172°  (100  mm.). 

I.  0-2011  gave  0'4488  C02  and  0-1680  H2O.     C  =  60'89  ;  H  =  9'28. 
IT.  0-1407     „     0-3126    „      „     0-1184     „         C  =  60'59  ;  H  =  9'35. 

CuH2o04  requires  C  =  6M1  ;  H  =  9'26  per  cent. 
Ethylic  dimethylglutarate  distils,  apparently  without  decomposition, 
at  241—243°  (755  mm.),  or  only  slightly  higher  than  ethylic  glutarate, 
which  boils  at  237°;  it  has  a  faint  odour  somewhat  resembling  that 
of  ethylic  succinate. 


Dimethylglutaric  Anhydride, 

[With  W.  GOODWIN.] 

Dimethylglutaric  acid  dissolves  readily  in  hot  acetic  anhydride, 
and  if  the  solution  is  heated  in  a  test-tube  in  a  sulphuric  acid  bath 
until  the  excess  of  acetic  anhydride  has  distilled  off,  the  residue 
solidifies  on  cooling  to  a  hard,  crystalline  cake.  The  crystals  were 
spread  on  porous  porcelain  until  free  from  mother  liquor,  and  dried 
at  100°  ;  they  then  melted  at  124°,  and,  after  recrystallisation  from 
acetic  anhydride,  at  124—125°, 

T.  0-1376  gave  0-2960  C02  and  0'0892  H2O.     C  =  5872  ;  H  =  7*20. 

II.  0-1240     „     0-2674        „       0-0803    „          C  =  58'79;  H  =  7'19. 

C7H10O3  requires  C  =  59'16;  H  =  7'04  per  cent. 

Dimethylglutaric  anhydride  crystallises  from  acetic  anhydride,  in 
which  it  is  very  soluble,  in  thin  plates  ;  these,  after  drying  well 
between  filter  paper,  smell  of  acetic  anhydride,  and  become  quite 
sticky  in  the  water  oven,  and  remain  so  for  at  least  an  hour,  so  that  it 
is  possible  that  these  crystals  consist  of  a  mixed  anhydride  of  acetic 
and  dimethyl  glutaric  acids,  which,  on  heating,  decompose  into  acetic 
anhydride  and  dimethyl  glutaric  anhydride  ;  this  point  has,  however, 
nut  been  further  investigated.  Dimethylglutaric  anhydride  is  readily 
soluble  in  benzene,  but  only  sparingly  in  light  petroleur.i  (b.  p. 
40  —  50°),  it  dissolves,  however,  in  petroleum  boiling  at  UO  —  120°, 
and  on  cooling  crystallises  out  in  plates.  It  is  insoluble  in  cold 
water,  but  on  heating  it  melts  under  water,  and  rapidly  dissolves. 

c  2 
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Dimethylglutaranilic  acid,  COOH-CH2'C(CH3)2-CH2-C(>NH-CeH5,  and 

Dimethylglutaranil, 


If  a  solution  of  dimethylglutaric  anhydride  in  a  little  benzene  is 
mixed  with  the  calculated  quantity  of  freshly  distilled  aniline,  the 
mixture  gets  hot  and  rapidly  begins  to  deposit  crystals;  these,  after 
being  collect-ed  and  drained  on  porous  porcelain,  are  crystallised  two 
or  three  times  from  dilute  alcohol. 

0-1461  gave  77  c.c.  moist  nitrogen  at  17°  and  756  mm.  N  =  6'12. 
C13Hi7N03  requires  N  =  5'96  per  cent. 

DimethylglutaraniUc  acid  melts  at  about  134°,  but  if  slowly  heated 
it  softens  at  about  128°  and  melts  at  131°.  It  is  very  readily  soluble 
in  alcohol  and  chloroform,  but  only  sparingly  in  water,  benzene,  and 
light  petroleum  ;  it  crystallises  from  dilute  alcohol  in  small,  hard, 
glistening  prisms,  and  very  beautifully,  in  similar  form,  when  its 
solution  in  chloroform  is  allowed  to  evaporate  spontaneously. 

Dimethyl  'glutaranil  is  obtained  by  heating  the  anilic  acid  to  boiling 
for  10  minutes,  in  a  test-tube  ;  water  is  given  off,  and,  on  cooling, 
the  residue  solidifies  completely.  After  recrystallising  twice  from 
dilute  alcohol,  the  anil  is  obtained  pure  in  colourless,  glistening 
plates,  which  melt  at  156—157°. 

0-1380  gave  7'8  c.c.  moist  nitrogen  at  18°  and  760  ram.  N  =  6'52. 
C13H15N02  requires  N  =  6'45  per  cent. 

Dimethylglutaranil  is  readily  soluble  in  alcohol,  benzene,  and 
chloroform,  but  only  sparingly  in  water  or  light  petroleum. 

zpp-Trimethylpropionic  acid,  CH(CH3)2-CH(CH3)-COOH. 

This  acid  has  already  been  prepared  by  Markownikoff  (Zeit.  f. 
Chem.,  1866,  502)  from  methylisopropylcarbinyl  cyanide, 

CH(CH3)2-CH(CH3)-CN, 

by  hydrolysis,  and  also  by  Bomburgh  (Eec.  Trav.  Chim.,  1886,  5,  231) 
by  the  hydrolysis  of  ethylic  methyl  isopropylacetoacetate, 

CH3-CO-C(CH3)(C3H7)-COOC2H5, 
and  by  the  distillation  of  methylisopropylraalonic  acid, 

C(CH3)(C3H7)(COOH)2. 

In  preparing  large  quantities  of  this  acid,  I  have  used  exclusively 
the  latter  method  :  as,  however,  the  isolation  of  the  pure  acid  was 
found  to  be  a  matter  of  considerable  difficulty,  I  give  the  method  of 
preparation  in  full.  In  the  first  place,  ethylic  methylmalonate  was 
prepared  by  the  action  of  methylic  iodide  on  the  sodium  derivative  of 
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ethylic  malonate*  in  alcoholic  solution,  great  care  being  taken  by 
using  a  slight  excess  (about  5  per  cent.)  of  the  calculated  quantity  of 
sodium,  and  a  considerable  excess  of  methylic  iodide,  that  the  product 
should  be  as  free  from  ethylic  malonate  as  possible. 

In  subsequently  introducing  the  isopropyl  group  into  the  carefully 
fractioned  ethylic  methylraalonate,  the  following  method  was  found 
convenient. 

Ethylic  methylmalonate  (345  grams)  is  mixed  with  sodium 
(46  grams)  dissolved  in  alcohol  (500  grams)  in  a  large  flask  con- 
nected with  a  very  long  reflux  condenser;  isopropylic  bromide 
(260  grams)  is  then  added,  and  the  whole  very  gently  warmed,  the 
action  being  kept  well  under  control,  otherwise  the  whole  begins  to 
boil  very  vigorously,  and  much  isopropylic  bromide  escapes  through 
the  condenser. 

As  soon  as  the  principal  reaction  is  over,  the  mass  is  heated  to 
boiling  for  six  hours,  the  bulk  of  the  alcohol  distilled  off,  water  added, 
and  the  oil  which  separates  extracted  three  times  with  ether ;  the 
ethereal  solution,  after  washing  well  with  water  and  evaporating, 
deposits  a  nearly  colourless  oil,  from  which,  by  repeated  fractiona- 
tion,  380  grams,  or  about  75  per  cent,  of  the  theoretical  yield  of 
nearly  pure  ethylic  methylisopropylrnalonate,  boiling  at  217 — 222°, 
can  be  obtained. 

0-1431  gave  0'3190  C02  and  0'1162  H20.     C  =  60'80 ;  H  =  9'03. 
CnH2o04  requires  C  =  61 11 ;  H  =  9'26  per  cent. 

This  ethereal  salt  was  hydrolysed  by  digesting  it  for  two  hours 
with  potash  (260  grams)  dissolved  in  purified  methylated  spirit ; 
water  was  then  added,  and  the  product  heated  Hrst  on  a  water  bath 
and  finally  boiled  over  a  free  flame  till  quite  free  from  alcohol ;  the 
concentrated  solution  was  then  acidified  and  extracted  six  times  with 
pure  ether.  The  ethereal  solution,  after  drying  over  calcium  chloride 
and  evaporating,  deposited  about  280  grams  of  an  oily  acid,  which 
still  contained  some  ether,  and,  on  standing,  rapidly  began  to  crystal- 
lise. This  crude  product  was  now  heated  at  180 — 200°  until  the 
evolution  of  carbon  dioxide  had  ceased,  and  the  residue  distilled  with- 
out, in  the  first  instance,  attempting  to  fractionate. 

The  crude  distillate  always  contains  traces  of  propionic  and  iso- 
valeric  acids,  and  it  is  remarkable  that  pure  methylisopropylacetic 
acid  can  only  be  isolated  from  this  with  very  considerable  difficulty, 

*  In  carrying  out  this  preparation  with  large  quantities  of  material,  the  methylic 
iodide  must  be  added  very  cautiously  in  small  quantities  to  the  alcoholic  solution 
of  the  sodium  derivative  of  ethylic  malonate,  the  whole  being  well  cooled  during 
the  operation,  otherwise  the  action  is  very  violent,  and  if  care  be  not  taken,  the 
liquid  boils  most  vigorously,  with  loss  of  methylic  iodide  from  volatilisation,  and 
frequently  from  frothing  over. 
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repeated  fraction ation  from  a  flask  fitted  with  a  long  colonna  being 
necessary,  in  order  to  effect  as  complete  a  separation  as  possible. 

Ultimately,  however,  about  180  grams  of  an  oil  boiling  constantly 
at  189 — 190°  were  obtained,  which  consisted  of  nearly  pure  methyl- 
isopropylacetic  acid,  as  the  following  analyses  show. 

I.  0-1606  gave  0'3622  CO2  and  0-1440  H2O.  C  =  61-50;  H  =  9'96. 

II.  0-1314     „     0-2952,,       „     0-1280    „      C  =  61-27 ;  H  =  10-34. 

C6H12O2  requires  C  =  62'07 ;  H  =  10'34  per  cent. 

Trimethylpropionic  acid  is  a  most  disagreeably  smelling  mobile 
liquid,  which  boils  at  189 — 190°.  Romburgh  (loc.  cit.)  found  prac- 
tically  the  same  boiling  point,  namely,  189 — 191°. 

Ethylic  a-Bromotrimethylpropionate,  CH(CH3)2-CBr(CH3)-COOC3H6. 

The  bromination  of  methylisopropylacetic  acid  is  very  readily 
carried  out  by  treating  the  acid  bromide  with  bromine  according  to 
Volhard's  method  (Annalen,  1887,  242,  i61),  and  as  the  result  of  a 
number  of  experiments,  the  following  quantities  were  found  to  give 
the  best  results. 

In  a  flask,  into  the  neck  of  which  along  condensing  tube  is  ground, 
methylisopropylacetic  acid  (50  grams)  is  mixed  with  phosphorus 
pentabrouiide  (75  grains)  and  allowed  to  remain  for  about  one  hour, 
until  the  formation  of  the  acid  bromide  is  complete.  Dry  bromine 
(85  grams)  is  then  added  in  about  six  portions,  the  flask  being  cooled 
between  each  addition;  the  liquid  is  then  heated  gradually  on  a  water 
bath  to  about  50 — 60°,  until  the  action  is  nearly  complete,  and  finally 
at  100°  for  two  hours. 

The  well  cooled  product,  which  is  usually  coloured,  owing  to  the 
presence  of  a  slight  excess  of  bromine,  is  poured  in  a  thin  stream  into 
three  times  its  volume  of  absolute  alcohol,  the  vigorous  action  being 
allowed  to  proceed  without  cooling  ;  after  standing  overnight,  water 
is  added,  and  the  bromo-ethereal  salt  is  extracted  with  ether.  The 
ethereal  solution,  after  washing  with  water  and  dilute  sodium  carbon- 
ate solution,  drying  over  calcium  chloride,  and  evaporating,  deposits 
a  somewhat  brownish  oil,  which,  on  fractionating  twice  under 
reduced  pressure  (100  mm.),  boils  for  the  most  part  constantly  at 
130°,  the  yield  being  usually  good,  although,  in  one  or  two  cases, 
not  inconsiderable  quantities  of  some  higher  boiling  substance  was 
obtained. 

The  analysis  of  the  pure  substance  gave  the  following  result. 

0'2035  gram  substance,  heated  with  fuming-  nitric  acid  and  silver 
nitrate  at  180°  for  four  hours,  gave  0'1722  gram  AgBr  =  36'0l 
per  cent,  of  bromine. 

C8H15BrO2  requires  Br  =  35'89  per  cent. 
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Ethylic  a-bromotrimethylpropionate  is  a  heavy,  very  pungent  smell- 
ing, colourless  oil,  very  similar  to  ethylic  a-bromisovalerate  in  its 
general  properties. 

Trimethylacrylic  acid,  C(CH3)2:C(CH3)'COOH. 

As  stated  in  the  introduction,  this  acid  was  first  prepared  by 
the  hydrolysis  of  ethylic  methylisopropylbromacetate  with  alcoholic 
potash. 

Potash  (100  grams)  was  dissolved  in  the  smallest  possible  quantity 
of  80  per  cent,  alcohol  in  a  flask  connected  with  a  long  reflux  con- 
denser, the  solution  heated  on  a  boiling  water  bath,  and  then  the  pure 
bromo-ethereal  salt  (100  grams)  added  as  rapidly  as  possible  through 
the  condenser  tube.  After  the  very  vigorous  action  had  subsided,  the 
whole  was  heated  to  boiling  for  about  an  hour,  water  was  added,  the 
brown  solution  evaporated  until  quite  free  from  alcohol,  acidified,  and 
extracted  five  times  with  pure  ether.  The  ethereal  solution  was  then 
dried  over  calcium  chloride,  evaporated,  and  the  residue  fractionated 
two  or  three  times  under  reduced  pressure,  and  subsequently  at  the 
ordinary  pressure,  in  order  to  separate  the  tri  methyl  aery  lie  acid  as 
far  as  possible  from  a  considerable  quantity  of  a-hydroxytrimethyl- 
propionic  acid  (p.  1486),  which  is  formed  at  the  same  time. 

In  this  way,  an  oily  acid  was  obtained,  boiling  constantly  at 
204—205°  (under  100  mm.  pressure  it  boils  at  150°),  and  consisting 
of  a  mixture  of  the  two  isomeric  acids,  isopropylacrylic  acid  and  tri- 
methylacrylic  acid.  It  gave  the  following  results  on  analysis. 

0-1641  gave  0'3760  CO2  and  0*1320  H2O.     C  =  62'5 ;  H  =  8'93. 
C6H1002  requires  C  =  63' 15 ;  H  =  8'77  per  cent. 

During  the  winter  months,  this  oily  acid  gradually  deposited  a 
quantity  of  beautiful,  prismatic,  four  sided  crystals ;  these  were  col- 
lected with  the  aid  of  the  pump,  drained  on  porous  porcelain,  and 
recrystallised  from  light  petroleum.  The  new  substance  was  thus 
readily  obtained  in  a  pure  state,  and  gave  the  following  numbers  on 


I.  0-1312  gave  0  3014  C02  and  0'1056  H2O.     C  =  62'64  ;  H  =  8*94. 

11.0-1441      „    0-3334     „      „    0*1155     „        C  =  6310 ;  H  =  8'90. 

C(CH3)2:C(CH3)-COOH  requires  C  =  63'15;  H  =  8'77  per  cent. 

Trimethylacrylic  acid,  when  moderately  rapidly  heated  in  a  capillary 
tube,  softens  at  67°,  and  melts  at  70—71°.  It  is  readily  soluble  in 
hot  light  petroleum,  benzene,  alcohol,  ether,  and  chloroform,  sparingly 
in  hot  water.  The  hot  concentrated  aqueous  solution  becomes  milky 
on  standing,  and  then  gradually  deposits  crystals,  but,  on  slowly  cool- 
ing a  hot  dilute  aqutous  solution,  the  acid  crystallises  well  in  long, 
colourless  needles. 
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The  solution  of  the  pure  acid  iu  sodium  carbonate  decolorises 
potassium  permanganate,  but  not  nearly  so  rapidly  as  many  other 
unsaturated  acids. 

Trimethylacrylic  Anilide,  C(CH3)2:C(CH3)'CO-NH'C6H5. 

This  substance  was  prepared  in  the  following  way.  Pure  tri- 
methylacrylic  acid  was  mixed  with  excess  of  freshly  distilled  phos- 
phorus trichloride,  and,  as  very  little  action  appeared  to  take  place  in 
the  cold,  the  whole  was  heated  on  the  water  bath  for  about  15  minutes. 
On  fractionating  the  product,  a  considerable  quantity  distilled  at 
145 — 150°,  and  evidently  consisted  of  trimethylacrylic  chloride, 
C(CH3)2:C(CHS)'COC1.  This  was  dissolved  in  pare  dry  ether,  mixed 
with  excess  of  aniline,  and,  as  soon  as  the  very  vigorous  action  had 
subsided,  the  whole  was  treated  with  water  and  extracted  with  ether. 
The  ethereal  solution  was  washed  first  with  dilute  hydrochloric  acid 
and  then  with  sodium  carbonate,  dried  over  anhydrous  potassium 
carbonate,  and  the  ether  distilled  off,  when  a  syrupy  residue  was 
obtained,  which,  on  standing,  gradually  solidified. 

In  order  to  purify  this  crude  substance,  it  was  ground  up  with 
cold  light  petroleum,  collected  on  a  filter,  and  recrystallised  twice 
from  boiling  light  petroleum  (b.  p.  70 — 80°). 

0-2133  gave  14'0  c.c.  moist  nitrogen  at  20°  and  765  mm.      N  =  7'55. 
Ci2H16NO  requires  N  =  7'4l  per  cent. 

Trimethylacrylic  anilide  melts  at  93 — 94°,  and  crystallises  from  hot 
light  petroleum  in  beautiful,  glistening  plates.  It  is  readily  soluble 
ti1  alcohol,  ether,  and  benzene,  sparingly  in  light  petroleum,  and 
almost  insoluble  in  water. 

Dibromotrimethylpropionic  acid,  CBr(CH3),-CBr(CH3)'COOH. 

1  solution  of  trimethyl  aery  lie  acid  in  chloroform  decolorises  bro- 
mine rapidly,  and  if,  after  the  addition  of  the  calculated  quantity  of 
bromine,  the  liquid  is  allowed  to  evaporate  spontaneously,  a  semi- 
solid  residue  is  obtained,  consisting  of  impure  dibromotritnethyl- 
propionic  acid.  The  crude  product  was  left  in  contact  with  porous 
porcelain  for  some  days  until  the  oily  impurities  had  been  entirely 
absorbed,  and  the  solid  residue  purified  by  recrystallisation  from  light 
petroleum  (b.  p.  100—105°). 

0-1547  gram  substance,  heated  with  nitric  acid  and  nitrate  of  silver 
at  180°,  gave  0  2128  gram  AgBr  ;  Br  =  58'54. 

C6H10Br202  requires  Br  =  58 '40  per  cent. 

Dibromotrimethylpropionic  acid  is  very  sparingly  soluble  in  cold 
light  petroleum,  but  dissolves  fairly  readily  on  warming,  and  separates 
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again,  on  standing,  as  a  heavy,  white,  crystalline  powder.  When 
heated  in  a  capillary  tube,  it  sinters  at  185°,  and  melts  at  190 — 191° 
with  rapid  evolution  of  gas. 

p-Bromotrimethylpropionic  acid,  CBr(CH3)2-CH(CH3)-COOH. 

In  order  to  prepare  this  substance,  finely  powdered  trimethylacrylic 
acid  (1  grain)  was  mixed  in  a  test  tube  with  5  c.c.  of  fuming  ludro- 
bromic  acid  saturated  at  0°.  On  gently  warming  the  mixture,  the 
acid  completely  dissolved,  but  very  soon  an  oily  layer  formed  on 
the  surface.  After  standing  for  10  minutes,  an  equal  volume 
of  water  was  added,  and  the  crystals  which  separated  were  collected, 
well  washed  with  water,  drained  on  a  porous  plate,  and  dried  over 
sulphuric  acid  in  a  vacuum.  As  the  substance  could  not  be  satisfac- 
torily recrystallised,  the  colourless,  crystalline  mass  obtained  in  this 
way  was  directly  analysed. 

0*1431  gram  substance,  heated  at  200°  with  nitric  acid  and  nitrate 
of  silver,  gave  0'1375  gram  AgBr.     Br  =  40'92. 

C6HnBr02  requires  Br  =  4V02  per  cent. 

p-Bromotrimethylpropionic  acid,  when  heated  in'  a  capillary  tube, 
softens  at  83°  and  melts  at  about  87 — 88°.  It  is  readily  soluble  in,  most 
organic  solvents,  but  practically  insoluble  in  water.  When  boiled 
with  water,  it  is  rapidly  decomposed  with  separation  of  hydrogen 
bromide. 

p-Iodotrimethylpropionic  add,  CI(CH3)2-CH(CH3)-COOH. 

Trimethylacrylic  acid  dissolves  readily  in  fuming  hydriodic  acid 
(sp.  gr.  V96)  in  the  cold,  and,  on  standing,  the  solution  gradually 
deposits  beautiful  crystals  of  /3-iodotrimethylpropionic  acid.  After 
diluting  with  water,  the  crystals  were  collected,  washed  well  with 
water,  and  dried  on  a  piece  of  porous  porcelain  over  sulphuric  acid 
in  a  vacuum.  The  analysis  of  the  glistening,  crystalline  mass  thus 
obtained  gave  the  following  results. 

0'1439  gram  substance,  heated  with  silver  nitrate  and  nitric  acid 
at  170°,  gave  0'1390  gram  Agi.     1  =  52'23. 

C6HnI02  requires  I  =  52'48  per  cent. 

fi-Iodotrimethylpropionic  acid  melts  at  80 — 82°,  and,  when  heated  in 
a  test  tube,  it  rapidly  decomposes  with  separation  of  iodine  and 
evolution  of  hydrogen  iodide ;  it  also  decomposes  on  exposure  to 
strong  sunlight,  with  separation  of  iodine.  It  is  readily  soluble  iti 
alcohol,  light  petroleum,  chloroform,  and  ether,  but  almost  insoluble 
in  cold  water.  Cold  concentrated  nitric  acid  decomposes  it  instantly, 

ith  separation  of  crystals  of  iodine. 
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Condensation  of  Acetone  with  Ethylic  a-Bromopropionate.     Formation 
of  Ethylic  fi-Hydroxy-apfi-trimethylpropionate, 

OH-C(CH3)2-CH(CH3;-COOC2H5. 
[With  J.  F.  THOKPE.] 

This  condensation  was  studied,  as  explained  in  the  introduction, 
with  the  object  of  synthesising  trimethylacrylic  acid, 

C(CH3)2:C(CH3)-COOH, 

and  its  derivatives  by  a  method  which  could  leave  no  doubt  as  to 
their  constitution,  aud  the  results  obtained  served  to  prove  conclu- 
sively that  the  solid  acid  (melting  at  71°)  produced,  as  already 
described,  by  the  hydrolysis  of  ethylic  bromotrimethylpropionate, 
was  in  fact  this  acid,  and  not  isopropylacrylic  acid, 

CH(CH3)2-C(:CH2)-COOH, 

as  was  at  one  time  thought  to  be  the  case. 

The  first  step  was  to  prepare  ethylic  /3-hydroxy-a/3/3-trimethylpro- 
pionate,  and  this  is  accomplished  as  follows. 

Acetone  (90  grams)  is  mixed  with  ethylio  a-bromopropionate  (182 
grams),  and  the  mixture  poured  on  to  an  excess  of  dry  and  carefully 
cleaned  zinc  in  a  moderately  large  flask  connected  with  a  reflux  appa- 
ratus. The  zinc,  which  should  be  in  the  form  of  turnings,  must 
be  quite  free  from  oil,  and  it  is  also  essential  that  it  should  be  quite 
dry.  We  found  it  necessary  to  wash  it  several  times  with  hot 
caustic  soda,  then  with  dilute  acid  to  remove  any  oxide,  and  finally 
to  wash  it  well  with  water  and  dry  it  with  alcohol  and  ether.  Experi- 
ments conducted  with  zinc  which  had  not  been  treated  in  this  way  were 
always  unsuccessful.  The  flask  containing  a  little  of  the  zinc  in  contact 
with  the  mixture  is  now  gently  warmed  on  the  water  bath,  when,  as 
soon  as  the  temperature  has  risen  to  about  50°,  the  action  usually 
commences  and  continues  very  energetically  ;  the  flask  is  removed 
from  the  water  bath  if  necessary,  but  as  a  rule  the  excess  of  acetone 
employed  serves  to  prevent  the  temperature  from  rising  too  high. 
When  the  reaction  has  subsided,  if  it  is  found  that  nearly  all  the  zinc 
has  disappeared,  more  is  added,  and  the  whole  ultimately  heated  on 
the  water  bath  for  about  2 — 3  hours  ;  at  the  end  of  this  time  the 
contents  of  the  flask  will  have  become  quite  thick  and  slightly 
coloured. 

The  syrupy  liquid  is  poured  off  as  far  as  possible  from  the  un- 
changed zinc,  and  mixed  with  water  ;  this  causes  the  mass  to  become 
nearly  solid,  owing  to  the  separation  of  a  white  zinc  compound,  which, 
however,  disappears  on  adding  dilute  sulphuric  acid  and  shaking 
vigorously.  The  oil  which  separates  is  extracted  by  means  of  ether, 
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the  ethereal  solution  is  washed  three  times  with  dilute  sulphuric 
acid  in  order  to  remove  the  last  traces  of  zinc,  dried  over  calcium 
chloride,  the  ether  distilled  off',  and  the  residual  oil  purified  by  careful 
fractionation  under  reduced  pressure  (30  mm.). 

A  considerable  portion  of  the  product  distils  below  100°,  and 
appears  to. consist  essentially  of  ethylic  propiouate  and  ethylic  aery- 
late,  the  former  produced  by  the  reduction  of,  and  the  latter  by  the 
elimination  of  hydrogen  bromide  from,  the  ethylic  a-bromopropionate 
employed  in  this  synthesis.  About  50  per  cent,  of  the  whole  distils 
at  105°  (30  mm.)  as  a  moderately  thick,  colourless  oil  of  very  faint 
odour,  which  after  redistillation  gave  the  following  results  on 


I.  0-118(5  gave  0-2616  C02  and  01076  H2O.     C  =  60-16;  H  =  10'08. 
II.  0-1309     „     0-2872     „      „     01198     „       C  =  59'82;  H  =  10'16. 
C8H1603  requires  C  =  60  00 ;  H  =  10  00  per  cent. 

This  substance  consists,  therefore,  of  pure  ethylic  fi-hydroxy-oLpfB-tri- 
methylpropionate. 

p-Hydroxy-afip-trimeihylpropionic  acid,  OH-C(CH3)2-CH(CH3)-COOH. 
[With  J.  F.  THORPE.] 

In  order  to  prepare  this  acid,  the  corresponding  ethereal  salt  just 
described  was  mixed  with  excess  of  a  solution  of  potash  (1^  mols.) 
in  pure  alcohol,  and  heated  on  the  water  bath  for  two  hours.  Water 
was  then  added,  the  solution  evaporated  until  quite  free  from  alcohol, 
acidified,  and  extracted  several  times  with  pure  other,  the  extraction 
being  much  facilitated  by  saturating  the  solution  with  ammonium, 
sulphate.  The  ethereal  solution  was  carefully  dried  over  calcium 
chloride,  filtered,  evaporated,  and  the  thick,  syrupy  residue  purified 
by  distillation  in  small  quantities  under  reduced  pressure  ;  almost 
the  whole  passed  over  at  160°  (35  inm.)  as  a  very  thick,  viscid,  colour- 
less oil  which,  on  analysis,  gave  the  following  numbers. 

I.  0-1888  gave  0'3814  C02  and  0-1592  H20.    C  =  55'08;  H  =  9'37. 
11.0-1318     „     0-2650     „      .,    0-1106     „        C  =  54'83;  H  =  9'32. 
C6H1203  requires  C  =  54'54 ;  H  =  9'09  per  cent. 

fi-Hydroxy-&fip-trimethylprnpionic  acid  is  a  very  thick  syrup,  which 
even  on  long  standing  does  not  show  any  signs  of  crystallising.  It 
is  readily  soluble  in  water,  the  solution  having  a  strongly  acid  reac- 
tion. When  distilled  in  large  quantities  (100  grams),  it  decomposes 
with  elimination  of  water  and  formation  of  trimethylacrylic  acid. 

The  dissociation  constant  for  the  electrical  conductivity  of  this  acid 
a,t  different  concentrations  was  determined  by  Dr.  Ewan,  who  found 
K  =  0-00333. 
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p-Bromo-oipft-trimethylpropionic  acid,  CBr(CH3)2-CH(CH3)-COOH. 
[With  J.  F.  THORPE.] 

This  substance,  which  is  identical  with  the  brorao-acid  obtained  by 
the  addition  of  hydrogen  bromide  to  trimethylacrylic  acid  (p.  1481),  is 
obtained  by  dissolving  /3-hydroxytrimethylpropionic  acid  in  fuming 
hydrobromic  acid  (saturated  at  — 10°).  The  mixture  becomes  warm, 
and,  on  standing,  the  bromo-acid  rapidly  separates  in  lustrous  plates, 
which,  after  washing  with  water  and  drying  on  a  porous  plate  over 
sulphuric  acid  in  a  vacuum,  melt  at  86 — 88°. 

0'2012  gram    substance,    heated  at   180°   with  silver   nitrate    and 
nitric  acid,  gave  O1919  gram  AgBr.     Br  =  40'98  per  cent. 
C6HnBr02  requires  Br  =  41  "02  per  cent. 

Ethylic  /3-bromo-a£j(3-trimethylpropionate, 
C(CH3)2Br-CH(CH3)-COOC2H5.— [With  J.  F.  THORPE.] 

In  order  to  prepare  this  compound  for  some  synthetical  experi- 
ments described  below,  the  etheritication  of  the  corresponding  acid 
by  means  of  alcohol  and  sulphuric  acid,  and  by  saturating  the  solu- 
tion of  the  acid  in  alcohol  with  hydrogen  chloride  was  tried,  but  with 
very  unsatisfactory  results.  Ultimately,  however,  the  ethereal  salt 
was  prepared  in  considerable  quantity,  with  ease,  in  the  following 
way. 

The  pure  dry  bromo-acid  (10  grams)  was  mixed  with  phosphorus 
pentachloride  (12  grams)  and  allowed  to  stand  until  the  somewhat 
energetic  action  had  subsided  :  the  whole  was  then  heated  on  the 
water  bath  for  15 — 20  minutes,  and  the  product  poured  into  absolute 
alcohol  and  allowed  to  stand  over  night.  On  adding  water,  a  heavy, 
brownish  oil  was  precipitated  ;  this  was  extracted  with  ether,  the 
ethereal  solution  well  washed  with  water  and  dilute  sodium  carbonate, 
dried  over  calcium  chloride,  and  the  ether  distilled  off.  The  residual, 
somewhat  brownish  oil  did  not  appear  to  distil  without  decomposi- 
tion ;  but  after  standing  over  sulphuric  acid  in  a  vacuum  for  a  few 
days,  it  gave  the  following  results  on  analysis,  showing  it  to  consist 
of  the  nearly  pure  ethereal  salt. 

0-2103  gave  0'1760  AgBr.     Br  =  35'96. 

C8H)5O2Br  requires  Br  =  36'16  per  cent. 

Many  experiments  with  this  substance  were  made  with  the  object 
of  synthesising  a/3/3- trimethylglutaric  acid  so  as  to  be  able  to  compare 
it  with  the  acid  Balbiano  obtained  by  the  oxidation  of  camphoric  acid 
with  cold  potassium  permanganate  (Per.,  1895,  28,  1507)  ;  the 
method  of  procedure  will  be  well  understood  from  the  following 
equations. 
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I.  (COOC2H5)2CHNa  +  CBr(CH3)2-OH(CH3)-COOC2H5  = 

(COOC2H5)2CH-C(CH3)2-CH(CH3)-COOC2H3  +  NaBr. 

II.  (COOH)2CET-C(CH3)2-CH(CH3)-COOH  = 

COOH-CH2-C(CH3)2-CH(CH3)-COOH  +  CO,. 

The  action  of  the  brom-ethereal  salt  on  the  sodium  derivative  of 
ethylic  malouate  was  tried  under  various  conditions  in  alcoholic  and 
xylene  solution,  but  only  very  small  quantities  of  a  high  boiling  con- 
densation product  were  formed  in  any  case,  and  similar  results  were 
obtained  when  ethylic  cyanoacetate  was  employed.  Apparently  in 
all  these  experiments  the  bro mo- ethereal  salt  is  to  some  extent  decom- 
posed with  elimination  of  hydrogen  bromide  and  formation  of  ethylic 
trimethylacrylate  ;  the  reaction,  however,  is  evidently  a  complicated 
one,  as  is  shown  by  the  fact  that  in  all  the  above  experiments  the  pro- 
duct was  found  to  contain  considerable  quantities  of  ethylic  ethane- 
tetracarboxylate  (COOC2H5)2CH-CH(COOC2H«)2. 

p-Iodo-aftp-trimethylpropionic  acid,  C(CH3)2I-CH(CH3)-COOH. 

/3-Hydroxytrimethylpropionic  acid  dissolves  readily  in  fuming 
hydriodic  acid,  and,  on  standing,  crystals  of  the  above  substance 
separate  rapidly.  The  crystals  were  collected,  washed  with  water, 
dried  on  a  porous  plate  over  sulphuric  acid  in  the  dark,  and 
analysed. 

0-1296  gave  0-1252  Agl.     I  =  52-39. 

C6HnrO2  requires  I  =  52'48  per  cent. 

This  acid  melts  at  80°  and  is  identical  with  the  compound  obtained 
by  the  addition  of  hydrogen  iodide  to  trimethylacrylic  acid  (p.  1481). 
When  it  is  treated  with  phosphorous  pentachloride,  and  the  product  is 
poured  into  alcohol  under  exactly  the  same  conditions  as  described  in 
the  case  of  the  corresponding  bromo-acid,  it  yields  a  heavy  ethereal 
salt,  which  cannot  be  distilled  without  decomposition ;  it  was  not 
analysed. 


Trimethylacrylic  acid,  C(CH3)2:C(CH3)-COOH.— [With  J.  F.  THORPE.] 

This  acid  is  produced  when  alcoholic  potash,  or  weak  alkalis,  such 
as  the  sodium  derivative  of  ethylic  malonate,  act  on  ethylic  /3-brorno- 
trimethylpropionate.  It  was  first  obtained  from  this  ethereal  salt 
in  the  following  manner. 

The  low  boiling  fractions  from  the  product  of  the  action  of  the 
bromo- ethereal  salt  on  the  sodium  derivative  of  ethylic  malonate 
(see  above)  were  hydrolysed  by  boiling  for  three  hours  with  an 
excess  of  alcoholic  potash.  The  alkaline  solution  was  then  evaporated 
with  water  until  free  from  alcohol,  acidified,  and  extracted  with  ether; 
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the  ethereal  solution  after  being  dried  over  calcium  chloride  was 
evaporated,  and  the  residual  oil  fractionated  under  reduced  pressure. 
The  fraction  boiling  at  135 — 137°  (50  mm.)  solidified  on  cooling,  and 
the  crystals,  after  being  drained  on  a  porous  plate  and  crystallised 
from  water,  consisted  of  pure  trimethylacrylic  acid  melting  at 
70—71°. 

0-2201  gave  0-5085  C0?  and  0-1737  H20.     C  =  63'00  ;  H  =  8-79. 
C6H10O2  requires  C  =  63'15;  H  =  877  per  cent. 

The  silver  salt,  C6H9AgO2,  was  obtained  as  a  white  precipitate 
sparingly  soluble  in  water,  on  adding  silver  nitrate  to  the  neutral 
solution  of  the  ammonium  salt. 

0-2002,  on  ignition,  gave  0'0970  Ag.     Ag  =  4873. 
CeH9AgO2  requires  Ag  =  48*77  per  cent. 

After  these  experiments  had  been  carried  out,  it  was  found  that 
the  same  acid  was  obtained  by  the  hydrolysis  of  ethylio  /3-bromo- 
trimethylpropionate  with  alcoholic  potash ;  and  the  acid  obtained  in 
both  cases  was  found  to  be  identical  with  the  trimethyacrylic 
acid  obtained  by  the  hydrolysis  of  ethyl ic  a-bromotrimethylpro- 
pionate  (p.  1479).  As  this  was  an  important  point,  a  sample  of  the  tri- 
methylacrylic acid  obtained  from  the  /3-brom-ethereal  salt  by  means 
of  alcoholic  potash  was  dissolved  in  chloroform  and  treated  with 
bromine  under  the  conditions  described  on  p.  1480. 

The  resulting  dibromide  melted  at  190 — 191°,  and  was  identical 
in  all  respects  with  the  dibromotrimethylpropionic  acid  previously 
obtained. 

0-1398  gave  0191  AgBr.     Br  =  58'10. 

C6H10Br02  requires  Br  =  58"40  per  cent. 

a-Hydroxytrimethylpropionic  acid,  CH(CH3)2-C(OH)(CH3)'COOH. 

In  distilling  the  crude  acid  obtained  by  the  hydrolysis  of  ethylic 
a-bromotrimethylpropionate  with  alcoholic  potash,  a  mixture  of 
isopropylacrylic  acid  and  trimethylacrylic  acid  at  first  passed  over  as 
explained  on  p.  1479  ;  the  thermometer  then  rose  rapidly,  and  a 
thick  colourless  oil  distilled  over  which  after  standing  for  some 
months  deposited  prismatic  crystals.  These  were  collected,  drained 
on  a  porous  plate,  and  purified  by  recrystallisation  from  light 
petroleum  (b.  p.  60 — 80°),  when  they  were  obtained  in  the  form  of 
glistening,  colourless  needles  which,  on  analysis,  gave  the  following 
numbers. 

I.  0-1931  gave  0'3874  CO2  and  01598  H,0.     C  =  5473 ;  H  =  9'20. 
II.  0-1601     „     0-3225    „      „     0-1305     „        C  =  54'90;  H  =  9'06. 
Til.  01765     „     0-3511    „      „     0-1451     „        C  =  54'25  ;  H  =  9  12. 
C6H12O3  requires  =  54'54  ;  H  =  9'09  per  cent. 
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a-Hydroxytrimethylpropionic  acid  melts  at  75 — 77°,  but  not  very 
sharply.  It  is  very  readily  soluble  in  water,  the  solution  possessing  a 
very  strong  acid  reaction.  It  is  readily  soluble  in  alcohol,  ether,  or 
chloroform,  moderately  in  benzene,  and  sparingly  in  cold,  light 
petroleum.  When  thrown  on  to  the  surface  of  water,  the  crystals  of 
the  acid  rotate  in  a  very  vigorous  manner  and  dissolve  rapidly. 

The  dissociation  constant  for  the  electrical  conductivity  of  this 
acid  at  different  concentrations  at  25°,  was  found  by  Dr.  Ewan  to  bo 
K  =  O01135.  It  is  remarkable  that  this  value  should  be  so  high  in 
comparison  with  the  constant  (K  =  0*00333)  for  the  cor  respond  i  rig 
/3-hydroxy-acid  (p.  1483). 

Salts  of  <x.-Hydroxytrimethylpropionic  acid. 

The  silver  salt,  C6HnAgO3,  obtained  as  a  white  precipitate  on 
the  addition  of  silver  nitrate  to  a  strong  neutral  solution  of  the 
ammonium  salt  of  the  acid,  is  sparingly  soluble  in  cold  water,  but 
dissolves  readily  on  boiling,  and  the  hot  solution  o;i  cooling  deposits 
the  salt  in  a  beautifully  crystalline  condition.1 

0-2445  gave  O'llOS  Ag.     Ag  =  45-19. 

C6HnAg03  requires  Ag  =  45' 18  per  cent. 

This  silver  salt  is  not  readily  acted  on  by  light,  and  may  be  dried 
at  100°  without  decomposition  ;  its  solution  in  dilute  ammonia  is 
only  very  slowly  decomposed  on  boiling. 

A  neutral  solution  of  the  ammonium  salt  of  the  acid  shows  the 
following  behaviour  with  reagents.  Copper  acetate  no  precipitate  in 
the  cold,  but,  on  boiling,  a  pale  blue  crystalline  copper  salt  separates ; 
this  gradually  decomposes  on  prolonged  boiling,  especially  if  a  little 
alkali  be  present,  and  cuprous  oxide  is  precipitated.  Barium  and 
calcium  chlorides,  and  lead  acetate  give  no  precipitate. 

Action  of  Hydrobromic  acid  and  Hydriodic  acid  on  a-Hydroxytri- 
methylpropionic  acid. — This  reaction  was  investigated  in  the  hope  of 
easily  obtaining  a-bromotrimethylpropionic  acid, 

CH(CH3)3-CBr(CH3)-COOH, 

and  a-iodotrimethylpropionic  acid,  CH(CH3)2*CI(CH3)-COOH,  for 
comparison  with  the  corresponding  /3-halogen  derivatives  which  had 
been  prepared  from  /3-hydroxytrimethylpropionic  acid  and  trimethyl- 
acrylic  acid  by  the  methods  described  on  pp.  1484—1485.  It  was  found 
that  /3-hydroxytrimethylpropionic  acid  reacts  very  readily  with  con- 
centrated hydrobromic  and  hydriodic  acids  in  the  cold,  forming  the 
corresponding  /3-halogen  derivatives,  but  the  behaviour  of  the  corre- 
sponding a-hydroxy-acid  is  very  different  in  this  respect.  The  latter 
dissolves  very  readily  in  the  concentrated  haloid  acids,  but  no  action 
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appears  to  take  place,  as  was  shown  by  the  fact  that,  after  remaining  at 
the  ordinary  temperature  for  12  hours,  no  crystals  had  separated,  and 
a  drop  of  the  liquid  dissolved  in  water  formed  a  clear  solution.  The 
solutions  were  then  sealed  up  in  tubes  and  heated  in  boiling  water,  but 
even  then  the  action  seemed  to  take  place  very  slowly,  the  liquids  only 
becoming  turbid  after  two  honrs'  boiling.  After  eight  hours,  the 
tubes  were  allowed  to  cool,  when,  on  opening  them,  a  considerable 
pressure  was  no- iced,  which  was  found  to  be  due  to  carbon  dioxide, 
and,  on  pouring  the  contents  of  the  tubes  into  water,  a  heavy  oil  was 
precipitated  in  each  case.  This  was  extracted  with  ether,  the  ethereal 
solution  washed  well  with  water  and  dilute  sodium  carbonate  (and,  in 
the  case  of  the  hydriodic  acid  experiment,  also  with  sodium  thiosulphate 
to  remove  iodine),  evaporated  and  the  nearly  colourless,  oily  residues 
fractionated.  After  twice  fractionating,  in  the  case  of  the  hydro- 
bromic  acid  experiment  a  small  quantity  of  a  heavy  oil  was  obtained, 
which  boiled  at  115 — 120°,  and  on  analysis  gave  the  following 
result. 

0'1420  gram  heated  with  silver  nitrate  and  fuming  nitric  acid  at 
200°  for  4  honrs  gave  O1711  gram  AgBr.     Br  =  5110  per  cent. 
C6HnBr  requires  Br  =  52*98  per  cent. 

Although,  owing  to  the  difficulty  of  purifying  the  small  amount  of 
material  at  my  disposal,  this  analysis  does  not  agree  well  with  the 
formula  CsHnBr,  it  seems  probable  that  this  bromide  is  identical  with 
methylisopropylcarbinyl  bromide,  CH(CH3)2'CHBi"CH3,  which 
Wischnegradsky  (Annalen,  1878,  190,  357)  obtained  by  the  action 
of  hydrogen  bromide  on  isopropylethylene,  CH(CH3)2*CH!CH2,  and 
which  boils  at  114 — 116°.  The  formation  of  this  substance  would  be 
readily  explained  by  the  following  equation  : 

CH(CH3)2'C(OH)(CH3)-COOH  +  HBr  = 

CH(CH3)2-CHBr-CH3  +  C02  +  H3O, 

but  it  is  certainly  remarkable  that  an  a-bromo-fatty  acid,  which  one 
would  expect  to  be  formed  in  the  first  instance,  should  lose  carbon 
dioxide  in  this  way,  as  this  is  a  decomposition  usually  only  shown  by 
/3-bromo-derivatives.  The  oil  obtained  from  the  hydriodic  acid 
experiment  distilled  roughly  at  125 — 130°,  and  is  possibly  methyliso- 
propylcarbinyl iodide,  CH(CH3)2.CHTCH3,  which,  according  to 
Wischnegradsky  (A.nnalen,  1878,  190,  337),  boils  at  127—128°  ;  it 
was  not  analysed. 

Preparation  of  the  mixed  Ethereal  Salts  of  Isopropylacrylic  acid  and  of 
Trimethylacrylic  acid. 

The  greater  portion  of  these  mixed  ethereal  salts  used  in  the  first 
experiments  in  this  research  was  prepared  by  the  etherification  of 
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the  mixture  of  isopropylacrylic  and  fcrimethjlacrylic  acids  obtained 
by  the  hydrolysis  of  ethylic  a-bromotrimethylpropionate  by  means  of 
alcoholic  potash,  as  explained  on  p.  1462  (Method  I).  The  action  of 
quinoline  on  the  brominated  ethereal  salt  (Method  II)  was  not  inves- 
tigated until  most  of  the  experiments  described  in  this  paper  had 
been  completed. 

Method  I. — The  mixed  ethereal  salts  were  prepared  by  dissolving 
the  mixed  acids  (1  vol.)  in  absolute  alcohol  (3  vols.),  and  adding 
concentrated  sulphuric  acid  (1  vol.).  After  standing  overnight, 
water  was  added,  the  oily  layer  extracted  with  ether,  the  ethereal 
solution  washed  with  sodium  carbonate  solution,  dried  over  anhydrous 
potassium  carbonate,  evaporated,  and  the  residual  crude  ethereal  salt 
purified  by  repeated  fractional  distillation.  Although  this  ethereal 
salt  has  been  prepared  in  large  quantities  (500  grams)  on  several 
occasions,  it  has  always  been  found  very  difficalt  to  obtain  a  product 
of  anything  like  constant  boiling  point,  and,  for  this  reason,  in 
the  experiments  described  in  this  paper  the  fraction  162 — 175°  was 
usually  employed.  It  is,  of  course,  possible  that  the  ethereal  salts  of 
the  two  acrylic  acids  may  boil  at  different  temperatures,  but  it  is 
more  probable  that  the  product  contains  small  quantities  of  ethylic 
a-hydroxytrimethylpropionate,  produced  by  the  action  of  the  sul- 
phuric acid  on  the  unsaturated  acids  during  the  process  of  etherifica- 
tion,  and  this  is  borne  out  by  fcho  results  obtained  by  the  analysis 
of  different  fractions,  which  were  always  too  low.  I  (b.  p.  ]63 — 165°)  ; 
II  (b.  p.  166—168°) ;  III  (b.  p.  168—172°). 

I.  0-1240  gave  0*3020  C02  and  0-1094  H2O.    C  =  66-43;  H  =  9'80. 
II.  0-1561     „     0-3758     „       „    0-1360     „        C  =  65-66;  H  =  9'67. 
III.  0-1404     „     0-3379     „       „    0-1218     „        C  =  65-64;  H  =  9'64. 
C8HU02  requires  C  =  67'60 ;  H  =  9'86  per  cent. 

The  presence  of  the  impurity,  whatever  it  may  be,  in  the  fraction 
162 — 175°,  does  not  interfere  with  the  experiment  for  which  it  was 
employed  (condensation  with  ethylic  malonate),  except,  of  course,  in 
so  far  as  it  may  affect  the  yield  of  the  condensation  product. 

Method  II. — A  mixture  of  ethylic  a-bromotrimethylpropionate  (100 
grams)  and  quinoline  (200  grams)  was  heated  in  a  metal  bath  in 
a  flask  connected  with  a  reflux  apparatus,  the  temperature  of  the 
mixture  being  observed  by  placing  a  thermometer  in  the  liquid. 

When  the  temperature  had  risen  to  175 — 180°,  the  reaction  set  in, 
and  on  removing  the  flame  the  liquid  boiled,  though  not  violently,  for 
some  minutes,  the  thermometer  rising  to  about  195°.  As  soon  as  the 
action  had  subsided,  the  mixture  was  heated  to  boiling  for  10  minutes, 
the  well-cooled,  dark  reddish-brown  product  poured  into  an  excess  of 
dilute  hydrochloric  acid,  and  the  oily  layer  extracted  twice  with  ether. 

d 
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After  well  washing  with  dilute  hydrochloric  acid  and  drying  over 
calcium  chloride,  the  ether  was  distilled  off  and  the  residual  oil 
purified  by  repeated  fractio  nation,  when  the  greater  part  was  found  to 
distil  between  162°  and  175°,  the  quantity  obtained  being  about  60  —  70 
per  cent,  of  the  theoretical  yield.  This  fraction,  on  analysis,  gave 
only  approximately  correct  results. 

0-1364  gave  0'3344  C02  and  0'1209  H20.     C  =  66'86  ;  H  =  9'86. 
C8H1402  requires  C  =  67'60  ;  H  =  9'85  per  cent. 

In  order  to  prove  that  this  ethereal  salt  was  a  mixture  of  the 
ethereal  salts  of  isopropyl  acrylic  and  trimethylacrylic  acids,  it  was 
hydrolysed  by  boiling  with  alcoholic  potash  in  the  usual  manner. 
The  acid  obtained  distilled  at  148  —  150°  (100  mm.),  and,  on  standing 
in  a  freezing  mixture,  deposited  crystals  of  trimethylacrylic  acid. 
The  filtrate  from  these  crystals  did  not  solidify  on  cooling,  and  was 
proved  to  contain  isopropylacrylic  acid. 

Apparently,  then,  the  elimination  of  hydrogen  bromide  from 
ethylic  a-bromotrimethylpropionate  proceeds  in  the  same  way, 
whether  alcoholic  potash  or  quinoline  be  employed,  a  mixture  of  iso- 
propylacrylic acid  and  trimethylacrylic  acid,  or  their  ethereal  salts, 
being  formed  in  both  cases. 

Condensation  of  Ethylic  Isopropylacrylate  with  the  Sodium  Derivative 
of  Ethylic  Malonate.     Formation  of  Ethylic  OL-Isopropylpropane- 
,  (COOC2H6)2CH-CH2-CH(C3H7)'COOC2H5. 


The  study  of  the  reaction  which  takes  place  when  the  mixed  ethereal 
salts  of  isopropylacrylic  acid  and  trimethylacrylic  acid  are  treated 
with  the  sodium  compound  of  ethylic  malonate  has  been  made  the 
subject  of  a  very  large  number  of  experiments,  carried  out  under 
very  varying  conditions,  a  description  of  which  would  occupy  too 
much  space  to  be  given  here.  The  product  formed  in  every  case  was 
ethylic  isopropylpropanetricarboxylate  produced  by  the  condensation 
of  ethylic  isopropylacrylate  with  ethylic  malonate,  the  ethylic  tri- 
methylacrylate,  as  explained  in  the  introduction,  apparently  taking 
no  part  in  the  reaction. 

The  yield  of  condensation  product  was  found  to  be  much  influenced 
by  the  purity  of  the  unsaturated  ethereal  salts  ;  thus,  for  instance, 
when  the  mixture  of  ethylic  isopropylacrylate  and  ethylic  trimethyl- 
acrylate  had  been  fractionated  four  times  with  a  column,  and  the 
fraction  162  —  175°  employed,  a  yield  of  20  per  cent,  of  the  theoretical 
was  obtained,  whereas,  in  one  case,  where  the  ethereal  salts  had  been 
fractionated  only  once,  and  the  fraction  160  —  177°  used  for  the  con- 
densation the  yield  was  only  8  per  cent. 
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Ultimately,  the  condensation  was  usually  carried  out  in  the  follow- 
ing way. 

In  a  flask  connected  with  a  reflux  condenser,  sodium  (46  grams) 
was  dissolved  in  absolute  alcohol  (500  grams),  and  then,  while  still 
slightly  warm,  first  ethylic  malonate  (320  grams)  and  then  the  mix- 
ture (164  grams)  of  the  ethereal  salts  of  isopropylacrylic  acid  and 
trimethylacrylic  acid  were  added ;  the  product  was  subsequently 
heated  for  one  day  at  60°,  and  then  for  two  days  on  a  water  bath. 
The  opaque,  somewhat  dark-coloured  product  was  mixed  with  twice 
its  volume  of  water,  acidified  with  hydrochloric  acid,  and  extracted 
three  times  with  ether ;  the  ethereal  solution  was  washed  well  with 
water  and  dilute  sodium  carbonate,  dried  over  calcium  chloride, 
evaporated,  and  the  residual  oil  fractionated  under  reduced  pressure. 
The  yield  of  crude  product  and  the  weight  of  the  various  fractions 
obtained  varied  veiy  much,  without  any  apparent  cause ;  the  follow- 
ing result  was  obtained  in  one  case,  where  the  products  from  an 
experiment  carried  out  with  the  quantities  given  above  were  weighed. 

The  yield  of  crude  product  was  244  grams,  and  this  on  fractionation 
under  reduced  pressure  (80  mm.)  gave  the  following  fractions  : 

Below  160°  =  98  grams. 
160—220    =  16 
220—235    =  92       „ 
Residue    =  16        „ 

tho  fraction  below  160°  consists  principally  of  ethylic  trimethylacryl- 
ate,  unchanged  ethylic  i sop ropylacrj late,  and  some  unchanged  ethylic 
malonate.*  The  fraction  220 — 235°  is  nearly  pure  ethylic  isopropyl- 
propanetricarboxylate. 

The    latter,     on     refractionation,     boiled     almost     constantly    at 
208 — 210  (45  mm.),  and  gave  the  following  resultsf  on  analysis. 
I.  0-1 610  gave  0-3486  CO2  and  0'1247  H2O.     C  =  59'04  ;  H  =  8'60. 
II.  0-1392     „     0-2998    „      „     0-1075     „         C  =  58*74 ;  H  =  8-50. 
TTI.  0-1288     „     0-2796    „      „     O'lOOO     „         C  =  59-20;  H  =  8-63. 
C16H26O6  requires  C  =  59-60  ;  H  =  8'61  per  cent. 

Ethylic  isopropylpropdnetricarboxylate  is  a  thick,  perfectly  colour- 
less oil  which  boils  at  208 — 210°  under  a  pressure  of  45  mm.  ;  it  is 
isomeric  with  the  ethereal  salt  obtained  by  treating  the  sodium  com- 
pound of  ethylic  isopropyluialonate  with  ethylic  /3-iodopropionate 
(see  p.  1507),  and  which  lias  the  formula 

(COOC2H6)2C(C3H7)-CH2-CH2-COOC2HS; 

*  A  large  amount  of  the  ethylic  malonate  employed  in  the  above  preparation  is 
hydrolysed  during  the  prolonged  heating. 

t  These  analyses  were  carried  out  with  the  products  obtained  from  three 
different  preparation?. 

d  2 
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both  ethereal  salts  are  very  similar  in  properties,  and  boil  practically 
at  the  same  temperature,  and  both,  on  hydrolysis  and  subsequent 
elimination  of  carbon  dioxide,  yield  the  same  isopropylglutaric  acid. 

a  -Isopropylpropane-oiOi^-tricarboxylic  acid, 
(COOH)2CH-CH2-CH(C3HT)'COOH. 

The  ethylic  isopropylpropanetricarboxylate,  prepared  as  described 
in  the  last  pnragraph,  although  it  gives  good  results  on  analysis,  is  not 
quite  pure,  but  contains  traces  of  other  ethereal  salts,  and  on  this  account, 
for  a  considerable  time,  it  was  found  impossible  to  obtain  crystalline 
isopropylglutaric  acid  from  it  by  hydrolysis  and  subsequent  elimi- 
nation of  carbon  dioxide.  The  oily  acid  obtained  in  this  way  refused 
to  crystallise  after  standing  for  a  month  in  a  cool  place,  and  even 
after  converting  it  into  its  anhydride,  fractionating  this  and  regenerat- 
ing the  acid,  the  product  did  not  crystallise.  Ultimately  it  was 
discovered  that  pure  isopropylpropanetricarboxylic  acid  may  be 
readily  purified  by  the  following  method,  and  that  this  pure  acid,  on 
subsequent  heating  at  180°,  yields  pure  isopropylglutaric  acid  which 
crystallises  quite  readily. 

Ethylic  isopropylpropanetricarboxylate  (40  grams)  is  hydrolysed 
by  boiling  for  one  hour  with  pure  potash  (50  grams)  dissolved  in 
methylic  alcohol ;  the  clear  liquid  is  then  mixed  with  water,  and 
evaporated  on  a  water  bath,  with  the  addition  from  time  to  time  of 
small  quantities  of  water,  until  every  trace  of  methylic  alcohol  has 
been  removed.  The  concentrated  solution  of  the  potassium  salt, 
after  acidifying,  is  extracted  10  times  with  pure  ether  (free  from 
alcohol),  the  ether  evaporated,  the  oily  residue  dissolved  in  twice  its 
volume  of  water,  and  the  solution  saturated  with  hydrogen  chloride, 
the  temperature  being  kept  below  40°  by  cooling  with  ice-cold 
water. 

During  this  operation,  crystals  begin  to  separate,  and,  on  standing 
for  two  days,  the  bulk  of  the  tribasic  acid  separates  in  crystalline 
crusts ;  these  are  collected  on  the  pump,  washed  with  concentrated 
hydrochloric  acid,  and  purified  by  solution  in  water  and  saturation 
with  hydrogen  chloride  as  before. 

I.  0-1130  gave  0'2045  CO2  and  0'0661  H2O.     C  =  49'36  ;  H  =  6'50. 

II.  0-1243     „     0-2235    „       „     0*0735    „         C  =  49*04;  H  =  6'57. 

C9HUO6  requires  C  =  49'54  ;  H  =  6'42  per  cent. 

Isopropylpropanetricarboxylic  acid,  when  moderately  rapidly  heated 
in  a  capillary  tube,  melts  at  165°  with  rapid  decomposition,  due  to 
evolution  of  carbon  dioxide  and  formation  of  isopropylglutaric  acid, 
but  if  slowly  heated,  the  decomposition  takes  place  at  a  lower  tem- 
perature, generally  about  158°.  It  is  very  readily  soluble  in  water, 
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the  solution  possessing  a  very  strong  acid  reaction,  but  it  is  only 
sparingly  soluble  in  concentrated  hydrochloric  acid ;  it  dissolves  also 
readily  in  alcohol,  and  moderately  so  in  ether. 

Salts  of  Isopropylpropanetricarboxylic  acid. — The  silver  salt  was 
prepared  by  adding  silver  nitrate  to  a  fairly  concentrated  warm  solu- 
tion of  the  ammonium  salt.  It  is  a  white,  amorphous  precipitate, 
which,  after  washing  well  with  warm  water,  and  drying  first  on  a 
porous  plate  over  sulphuric  acid  in  a  vacuum,  and  then  at  100°,  gave 
the  following  result  on  analysis. 

0-3464,  on  ignition,  gave  O2064  Ag.     Ag  =  59'58. 

CgHnAgsOe  requires  Ag  =  60*11  per  cent. 

A  neutral  solution  of  the  ammonium  salt  gives  no  precipitate  with 
calcium  chloride  or  copper  acetate,  but  a  white,  gelatinous  precipitate 
is  formed  with  lead  acetate.  On  the  addition  of  barium  chloride,  no 
precipitate  is  produced  at  first,  but  on  standing,  or  more  rapidly  on 
warming,  an  insoluble  crystalline  barium  salt  separates. 

From  the  experiments  already  described  it  seemed  probable,  as 
stated  in  the  introduction,  that  when  a  mixture  of  ethylic  isopropyl- 
acrylate  and  ethylic  trimethyl  aery  late  is  digested  with  the  sodium 
derivative  of  ethylic  malonate,  that  the  former  alone  undergoes  con- 
densation, the  latter  remaining  unchanged ;  in  order  to  determine, 
therefore,  whether  this  was  really  the  case  the  following  experiments 
were  made. 

Experiment  I. — The  oil  boiling  below  160°  (80  mm.),  obtained  in 
fractionating  the  product  of  the  action  of  the  mixed  ethereal  salts  on 
ethylic  malonate,  as  described  on  page  1491,  was  collected  from  several 
operations,  carefully  fractionated  with  a  column,  and  the  fraction 
160 — 175°  digested  with  a  large  excess  of  the  sodium  derivative  of 
ethylic  malonate  in  alcoholic  solution,  for  about  three  days.  The 
product  was  isolated  as  before,  and,  on  fractionation,  yielded  a  small 
quantity  of  ethylic  isopropylpropanetricarboxylate,  showing  that 
small  quantities  of  ethylic  isopropylacrylate  were  present  in  the 
ethereal  salt  employed.  The  large  quantity  of  oil  of  low  boiling 
point,  which  was  obtained  during  the  fractionation,  was  again  treated 
with  ethylic  malonate  as  before,  and  yielded  now  only  traces  of 
ethylic  isopropylpropanetricarboxylate ;  it  was  very  carefully  frac- 
tionated, and  the  fraction  boiling  at  160 — 175°  hydrolysed  by  boiling 
with  alcoholic  potash,  and  the  acid  obtained  fractionated  under 
reduced  pressure,  the  fraction  135 — 142°  (90  mm.)  being  collected 
separately.  Owing  to  the  mildness  of  the  summer  weather,  this 
oil,  which  should  contain  the  recovered  trimethylacrylic  acid,  showed 
no  signs  of  crystallising  ;  it  was,  therefore,  dissolved  in  chloroform, 
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and  titrated  with  bromine  until  the  colour  remained  permanent, 
when  about  80  per  cent,  of  the  theoretical  quantity  of  bromine  was 
absorbed,  showing  that  this  crude  acid  must  contain  a  small  quantity 
of  some  saturated  acid  as  impurity.  On  allowing  the  chloroform  to 
evaporate  spontaneously,  crystals  gradually  separated  from  the  oily 
residue ;  these  were  collected,  spread  on  a  porous  plate,  and  recrys- 
tallised  from  light  petroleum  ;  the  substance  then  melted  at  185 — 190°, 
and  had  all  the  properties  of  dibromotrimethylpropionic  acid, 

CBr(OH3)2-CBr(CH3)-COOH. 
0-1391  gave  0-1906  AgBr.     Br  =  58'58. 

C6Hi0Br302  requires  Br  =  58'40  per  cent. 

The  formation  of  this  substance  shows  that  when  the  mixture  of 
ethylic  isopropylacrylate  and  ethylic  trimethylacrylate  is  digested 
with  the  sodium  derivative  of  ethylic  rnalonate,  some  of  the  latter,  at 
all  events,  remains  unattacked,  even  when  the  operation  is  repeated 
three  times. 

Experiment  II. — Attempts  were  now  made  to  determine  whether 
any  of  the  ethylic  trimethylacrylate  had  taken  part  in  the  reaction, 
in  which  case  ethylic  trimethylpropanetricarboxylate  must  have  been 
formed,  and,  on  hydrolysing  the  product  of  the  condensation,  tri- 
methyl  propane!  ricar  boxy  lie  acid, 

(COOH)2CH-C(CH3)2-CH(CH3)-COOH, 

would  be  obtained  mixed  with  large  quantities  of  isopropylpropane- 
tricarboxylic  acid. 

If  this  were  the  case,  the  former  acid  must  be  contained  in  the 
hydrochloric  acid  mother  liquors,  from  which  the  latter  acid  had 
crystallised  out  as  explained  on  p.  1492.  These  mother  liquors  were 
collected,  extracted  about  20  times  with  pure  ether,  the  ether  evapo- 
rated, and  the  residual  oily  acid,  dissolved  in  a  little  water,  was 
saturated  with  hydrogen  chloride,  the  whole  being  well  cooled  during 
the  operation. 

After  standing  for  a  fortnight,  the  crystals  of  isopropylpropane- 
tricarboxylic  acid  which  had  separated  were  removed  by  nitration 
through  a  platinum  cone,  the  filtrate  again  extracted  with  ether,  and 
the  treatment  with  hydrogen  chloride  repeated.  Lastly,  the  small 
quantity  of  acid  which  did  not  crystallise  was  heated  at  180°,  and 
the  residue  etherified  by  treatment  with  alcohol  and  sulphuric  acid, 
when  an  oily,  ethereal  salt  was  obtained  which  distilled,  for  the 
most  part,  at  170—172°  (90  mm.). 

As  the  acid  obtained  from  this  on  hydrolysis  did  not  solidify,  it 
was  converted  into  ihe  anhydride  by  boiling  with  acetic  anhydride, 
and  the  product  (3  grams)  fractionated,  the  fraction  170—175° 
(30  mm.)  being  reconverted  into  the  acid  ;  the  oily  acid  was  then 
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dissolved  in  a  little  water,  arid  the  solution  saturated  with  hydrogen 
chloride.  On  standing,  about  1  gram  of  a  crystalline  acid  separated 
which  melted  at  90 — 93°,  and  consisted  evidently  of  isopropylglu- 
taric  acid,  since  it  gave  an  anhydride  melting  at  53°,  and  an  anilic 
acid  melting  at  156—158°. 

As  far  as  can  be  judged  from  these  experiments,  it  appears  that 
ethylic  trimethylacrylate  is  not  capable  of  condensing  with  ethylic 
malonate,  and  I  hope  to  prove  this  definitely  by  experiments  with 
pure  ethylic  trimethylacrylate. 

Isopropylglutaric  acid,  CH(CH3)2-CH(COOH)-CH2-CH2-COOH. 

In  order  to  prepare  this  acid,  pure  isopropylpropanetricarboxylic 
acid  is  heated  in  an  oil  bath  at  200°  until  the  evolution  of  carbon 
dioxide  has  entirely  ceased  ;  the  residue  is  dissolved  in  boiling  water, 
and  the  solution,  after  cooling,  saturated  with  hydrogen  chloride. 
After  standing  overnight,  the  colourless  crystals  which  separate  are 
collected  on  a  platinum  cone  by  the  aid  of  the  pump,  washed  with 
concentrated  hydrochloric  acid,  and  recrystallised  by  dissolving  them 
in  a  little  water  and  saturating  with  hydrogen  chloride  as  before. 

The  analysis  of  this  acid  gave  the  following  results. 

I.  0-1485  gave  0-2970  C02  and  0  1073  H20.     C  =  54'54  ;  H  =  8:03. 
II.  0-1188    „     0-2388    „      „     0-0858    „        C  =  54'82 ;  H  =  8'02. 

C8HU04  requires  C  =  55*18  ;  H  =  8'05  per  cent. 

Isopropylglutaric  acid  melts  at  94 — 95°.  It  is  readily  soluble  in 
water,  and  crystallises  from  the  hot,  concentrated  solution,  on  cooling, 
in  magnificent,  colourless  prisms ;  it  is  sparingly  soluble  in  concen- 
trated hydrochloric  acid,  and  is,  therefore,  most  economically  purified 
by  saturating  the  aqueous  solution  with  hydrogen  chloride. 

The  finely  powdered  crystals  dissolve  readily  in  alcohol  or  ether, 
and  moderately  in  cold  benzene,  but  the  acid  is  almost  insoluble  in 
light  petroleum. 

>  Salts  of  Isopropylglutaric  acid. 

The  silver  salt,  C8H12Ag2O4  was  prepared  by  adding  silver  nitrate 
to  a  slightly  alkaline  and  fairly  concentrated  solution  of  the  ammo- 
nium salt;  the  white  flocculent  precipitate  was  collected,  washed  with 
water,  dried  at  100°,  and  analysed. 

I.  0-2510  gave  0'2239  C02, 0'0702  H2O,  and  0-1396  Ag.    C  =  24'55 
H  =  3-10;  Ag  =  55-58. 

II.  0-2487,  on  ignition,  gave  0'1385  Ag.     Ag  =  55'70. 
C8H12Ag204  requires  C  =  24'74;  H  =  3' 10  ;  Ag  =  55'65  per  cent. 

A  dilute  neutral  solution  of  ammonium  isopropylglutarate  gives  11 
precipitate  with  barium  nitrate  or  calcium  chloride.    Copper  sulphate 
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gives  a  bright  green,  gelatinous  precipitate,  and  lead  acetate,  on  warm- 
ing, a  white,  flocculent  precipitate. 

Ethylic  Isopropylglutarate,  COOC2H5-CH(C3H7)-CH2-CH2-COOC2H6. 

This  ethereal  salt  was  prepared  by  dissolving  the  crude  acid 
(obtained  by  heating  pure  isopropylpropanetricarboxylic  acid  at 
200°)  in  4  vols.  of  absolute  alcohol,  and  adding  1*5  vols.  of  concen- 
trated sulphuric  acid.  After  standing  for  two  days,  water  was 
added,  the  oily  ethereal  salt  extracted  with  ether,  the  ethereal  solution 
washed  with  water  and  sodium  carbonate,  dried  over  anhydrous 
potassium  carbonate,  and  the  residual  oil  purified  by  distillation 
under  reduced  pressure. 

Ethylic  isopropylglutarate  is  a  colourless  oil,  having  a  strong, 
ethereal  odour  ;  it  boils  at  158—160°  (45  mm.)- 

0-1251  gave  0-2860  C02  and  0-1079  H20.     C  =  62-35  ;  H  =  9'59. 
C12H22O4  requires  C  =  62'61  ;  H  =  9'56  per  cent. 


Isopropylglutaric  Anhydride,  £  co>°- 

This  is  readily  prepared  from  isopropylpropanetricarboxylic  acid 
by  heating  it  at  200°  until  the  evolution  of  carbon  dioxide  has 
ceased,  dissolving  the  residue  in  freshly  distilled  acetic  anhydride, 
heating  the  solution  to  boiling  for  10  minutes,  and  then  placing  it 
over  solid  potash  in  a  vacuum  desiccator.  After  some  days,  the 
crystals  of  the  anhydride  are  collected,  left  in  contact  with  porous 
porcelain  until  colourless,  and  then  recrystallised  from  boiling  light 
petroleum  (b.  p.  50—60°). 

The  following  results  were  obtained  on  analysis. 

0-1448  gave  0'3280  C02  and  0-1007  H20.     C  =  61-77  ;  H  =  772. 

0-1490     „     0-3336     „      „     0-1017        „     C  =  61-06;  H  =  7'58. 

C8H1203  requires  C  =  61'54  ;  H  =  7'68  per  cent. 

Isopropylglutaric  anhydride  melts  at  about  53°,  but  not  quite  sharply, 
and  the  melted  substance,  on  cooling,  sets  to  a  transparent,  jelly-like 
mass,  which,  on  rubbing,  soon  becomes  crystalline  and  opaque.  It  is 
only  sparingly  soluble,  even  in  boiling  light  petroleum  (b.  p.  50  —  60°), 
and  is  almost  completely  deposited  on  cooling  in  very  voluminous, 
feathery  masses,  consisting  of  slender  needles,  somewhat  resembling 
cotton  wool  in  appearance.  It  melts  in  boiling  water,  and  dissolves 
only  very  slowly  ;  on  concentrating  the  solution  and  allowing  it  to 
stand,  isopropylglutaric  acid  separates  in  magnificent,  colourless 
prisms. 
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hopropylijlutaranilic    acid,    COOH-CH3-CH2-CH(C3H7)-CO-NH-C6H5, 
or  COOH-CH(C3H7)-CH2-CH2-CO-NH-C6H6  (?). 

In  order  to  prepare  this  substance,  0*9  gram  of  pure  isopropyl- 
glutaric  anhydride  was  dissolved  in  5  c.c.  of  pure  dry  benzene,  and 
0"7  gram  of  freshly  distilled  aniline  added ;  this  occasioned  a  con- 
siderable rise  of  temperature,  and  in  about  a  minute  the  whole  crys- 
tallised. The  crystals  were  collected,  drained  on  porous  porcelain, 
and  recrystallised  from  dilute  methylic  alcohol,  when  beautiful, 
colourless,  glistening  crystals  were  obtained,  which  gave  the  following 
results  on  analysis. 

0-1384  gave  6'tf  c.c.  moist  nitrogen  at  18°  and  755  mm.  N  =  5'64. 
Ci4H19N03  requires  N  =  5'62  per  cent. 

Isopropylglutaranilic  acid  softens  at  150°,  and  melts  at  158 — 159°. 
It  is  readily  soluble  in  alcohol,  but  only  sparingly  in  benzene,  light 
petroleum,  or  water.  It  does  not  appear  to  give  off  water,  even 
when  heated  at  250°,  but  when  heated  to  boiling  for  some  time  in  a 
test-tube,  decomposition  takes  place,  probably  with  formation  of  the 
anil ;  as,  however,  the  product  was  not  readily  purified,  and  I  had 
very  little  substance  at  my  disposal,  the  matter  was  not  further  in- 
vestigated. 

Oxidation  of  Isopropylglutaric  acid. 

Isopropylglutaric  acid  is  only  very  slowly  attacked  by  potassium 
dichromate  and  sulphuric  acid  even  on  boiling ;  10  grams  of  the 
acid  heated  to  boiling  with  15  grams  of  potassium  dichromate, 
40  grams  of  concentrated  sulphuric  acid,  and  300  c.c.  of  water  for 
10  days  in  a  reflux  apparatus,  still  contained  unreduced  chromic 
acid.  The  oxidation  takes  place,  however,  much  more  rapidly  when 
the  acid  (10  grams)  is  digested  with  chromic  acid  (30  grams)  and 
sulphuric  acid  (50  grams,  diluted  with  200  c.c.  of  water),  the 
reduction  of  the  chromic  acid  being  complete  after  three  days'  boiling. 
The  product  from  both  experiments  was  distilled  with  steam  until  the 
condensed  water  ceased  to  have  an  acid  reaction,  the  distillate  was 
boiled  with  excess  of  barium  carbonate,  filtered,  the  filtrate  evapo- 
rated to  a  small  bulk,  and  precipitated  with  silver  nitrate.  The 
white  crystalline  silver  salt  was  collected  with  the  aid  of  the  pump, 
washed  with  water,  dissolved  in  boiling  water,  the  hot  solution  filtered 
from  traces  of  reduced  silver,  and  allowed  to  stand;  the  glistening 
crystals  of  pure  silver  acetate  which  separated  were  collected,  dried 
at  100°,  and  analysed. 

0-1940,  on  ignition,  gave  0'1252  Ag.     Ag  =  64'54. 

CH3-COOAg  requires  Ag  =  64'67  per  cent. 

The  residue  from  the  steam  distillation  was  boiled  with  excess  of 
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caustic  soda,  filtered  from  the  chromium  hydroxide,  and  the  latter 
repeatedly  washed  with  water;  the  combined  liquors  were  then 
evaporated  to  a  small  bulk,  acidified,  and  extracted  three  times  with 
pure  ether  (A),  and  then  again  30  times  with  pure  ether  (B). 

The  ethereal  solution  A,  on  evaporation,  deposited  a  greenish 
crystalline  acid,  which,  on  recrystallisation  from  hydrochloric  acid, 
at  once  yielded  an  acid,  melting  at  92 — 95°,  which  proved  to  be 
unattacked  isopropylglutaric  acid. 

0-1489  gave  0'2991  C02  and  0-1075  H20.     C  =  5478  ;  H  =  8'02. 
C8HU02  requires  C  =  55' 18  ;  H  =  8'05  percent. 

The  ethereal  solution  B,  on  evaporation,  yielded  a  greenish  crys- 
talline mass,  which  contained  only  slight  traces  of  isopropylglutaric 
acid.  On  repeatedly  fractionally  crystallising  this  substance  from 
hydrochloric  acid,  beautiful  colourless  crystals  were  ultimately 
obtained,  which  melted  at  183 — 185°,  and  consisted  of  pure  succinic 
acid,  as  the  following  analysis  shows  : 

0-1100  gave  0-1639  C02  and  0-0523  H2O.     C  =  40'66;  H  =  5*28. 
C4H604  requires  C  =  40'68 ;  H  =  5'10  per  cent. 

No  other  acids  could  be  isolated  from  the  products  of  the  oxida- 
tion, and  it  therefore  follows  that  when  boiled  with  chromic  acid  and 
sulphuric  acid,  isopropylglutaric  acid  is  oxidised  with  formation  of 
acetic  and  succinic  acids. 

Action  of  Ethylic  ot-Bromotrimethylpropionate  on  the  tfodium  Derivative 
of  Ethylic  Malonate  in  Alcoholic  Solution. 

In  studying  this  decomposition,  sodium  (6  grams)  was  dissolved  in 
alcohol  (75  grams)  in  a  flask  connected  with  a  reflux  condenser, 
ethylic  malonate  (40  grams)  and  ethylic  a-bromotrimethylpropionate 
(56  grams)  were  added,  and  the  whole  allowed  to  stand  for  some 
time. 

Very  little  action  seemed  to  take  place  in  the  cold,  but,  on  gently 
warming  on  a  water  bath,  sodium  bromide  separated  rapidly,  the 
separation,  after  half  an  hour,  being  apparently  so  complete  that  in 
the  earlier  experiments  the  action  was  stopped  at  the  end  of  this 
time ;  subsequently,  however,  it  was  found  that  a  very  much  larger 
yield  of  condensation  product  could  be  obtained  if  the  liquid  was  kept 
in  vigorous  ebullition  for  2 — 3  days.  At  the  end  of  this  time,  the 
alcohol  was  distilled  off  from  a  salt  bath,  the  residue  mixed  with 
water,  the  oil  which  was  precipitated  extracted  with  ether,  the 
ethereal  solution  washed,  well  dried  over  calcium  chloride,  the  ether 
distilled  off,  and  the  light  brown,  oily  residue  fractionated  under 
reduced  pressure  (100  mm.). 
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About  half  of  this  product  distilled  between  125°  and  145°,  the 
thermometer  then  rose  rapidly,  the  greater  bulk  (22  grams)  passing 
over  between  222°  and  230°  (100. mm.)  ;  the  latter,  on  refractiona- 
tion,  distilled  for  the  most  part  constantly  at  220°  (100  mm.)  as  a 
colourless  oil,  which  gave  the  following  numbers  on  analysis  : 

0-1501  gave  0'3255  C02  and  U'1168  H2O.     C  =  59-14;  H  =  8-65. 
CwHaeO,  requires  C  =  59'60 ;  H  =  8'61  per  cent. 

The  careful  examination  of  this  substance  showed  that  it  was  not 
ethylic  methylisopropylethanetricarboxylate, 

(COOC2H5)C(CH3)(C3H7)-CH(COOC2H6)2, 

but  that  it  consisted  of  very  nearly  pure  ethylic  isopropylpropanetri- 
carboxylate  (which  it  was  expected  would  be  formed  during  this 
reaction),  identical  with  the  product  obtained  by  condensing  ethylic 
isopropylacrylate  with  the  sodium  derivative  of  ethylic  malonate 
(p.  1491)  ;  this  was  proved  in  the  following  way. 

The  ethereal  salt  was  hydrolysed  with  alcoholic  potash,  and  the 
tricarboxylic  acid  isolated  and  purified  exactly  as  described  in  the 
case  of  isopropylpropanetricarboxylic  acid  (p.  1492).  The  crystalline 
product,  like  the  acid  just  named,  melted  at  163 — 165°  with  decom- 
position, and  gave,  on  analysis,  the  following  numbers  : 

0-1695  gave  0'3064  C02  and  0-1002  H2O.     C  =  49'30  ;  H  =  6'56. 
C9H14O6  requires  C  =  49'54 ;  H  =  6'42  per  cent. 

On  heating  this  acid  at  200°,  carbon  dioxide  was  evolved,  and  the 
residue,  after  being  twice  recrystallised  from  hydrochloric  acid,  melted 
at  94 — 95°,  and  consisted  of  isopropylglutaric  acid,  as 'was  shown  by 
converting  it  into  its  anhydride  (m.  p.  53°),  and  into  isopropylglu- 
taraiiilic  acid  (in.  p.  157—159°),  and  also  from  the  results  obtained 
on  analysis. 

0-1472  gave  0'2956  C0a  and  0'1065  H2O.     C  =  5477;  H  =  8'10. 
C8H1404  requires  C  =  55'18  ;  H  =  8'05  per  cent. 

There  can  be  no  doubt  that  the  product  of  the  action  of  ethylic 
bromotrimethylpropionate  on  the  sodium  derivative  of  ethylic 
malonate  in  alcoholic  solution,  is  ethylic  isopropylpropane  tricar  b- 
oxylate. 

Action  of  Ethylic  Bromotrimuthylpropionate  on  the  Sodium  Derivative 
of  Ethylic  Malonate  in  Xylene  Solution. 

As  stated  in  the  introduction  to  this  paper,  it  has  often  been  found 
that  in  cases  where  a  glutaric  acid  derivative  is  formed  by  the  action 
of  an  a-bromo-ethereal  salt  on  the  sodium  derivative  of  ethylic 
malonate  in  alcoholic  solution,  a  widely  different  result  may  be 
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obtained  by  substituting  xylene  for  alcohol  as  the  solvent,  the  product 
consisting  then  for  the  most  part  of  a  derivative  of  succinic  acid.  In 
order  to  determine  whether  this  would  be  the  case  in  the  present 
instance,  the  following  experiment  was  made.  Sodium  (3  grams) 
was  melted  under  boiling  xylene  and  the  whole  violently  agitated  so 
as  to  bring  the  sodium  into  a  state  of  the  finest  possible  division, 
etbylic  malonate  (20  grams)  was  then  added,  and  the  whole  heated  to 
boiling  in  a  reflux  apparatus  until  the  sodium  had  completely  dis- 
appeared; ethylic  a-bromotrimethylpropionate  (28  grams)  was  then 
added,  and  the  mixture  heated  to  boiling  for  two  days.  The  brownish 
product  was  shaken  with  water  and  a  quantity  of  ether,  the  ethereal 
solution  was  separated,  washed  well  with  water  and  dilute  hydro- 
chloric acid,  dried  over  calcium  chloride,  and  the  ether  and  xylene 
distilled  off,  at  first  under  ordinary,  but  subsequently  under  reduced 
pressure.  On  fractionating  the  oily  residue  under  100  mm.  pressure, 
the  greater  portion  distilled  below  160°,  only  about  6  grams  passing 
over  between  210°  and  230°.  The  latter  portion,  on  refractionation, 
passed  over  between  218°  and  222°  as  a  colourless  oil,  which,  on 
analysis,  gave  the  following  results. 

0-1680  gave  0*3632  C02  and  0'1296  H3O.     C  =  58'96  ;  H  =  8-58. 
C16H2606  requires  C=  59'60  ;  H  =  8'61  per  cent. 

That  this  substance  consisted,  in  this  case  also,  at  all  events  for 
the  most  part,  of  ethylic  isopropylpropanetricarboxylate  was  proved 
in  the  following  way. 

The  ethereal  salt,  on  hydrolysis,  yielded  a  tricarboxylic  acid  which 
melted  at  163°,  and  at  slightly  higher  temperatures  decomposed, 
yielding  an  acid  which,  after  recrystallisation,  melted  at  94—95° ; 
this  acid  gave  an  anhydride  melting  at  53°,  and  an  anilic  acid  melting 
at  156 — 158° ;  it  was,  therefore,  evidently  isopropylglutaric  acid. 

It  is,  of  course,  quite  possible  that,  in  this  experiment,  some  ethylic 
methylisopropylethanetricarboxylate  may  have  been  formed,  but  the 
quantity  present  in  the  product  of  the  reaction  can  only  have  been 
small. 

Action  of  Phenoxy  ethylic  Bromide,  CeHgOCHyCHgBr,  on  the  Sodium 
Derivative  of  Ethylic  Dimethylpropanetricarboxylate, 
(COOC2H5)2CH-C(CH3)2-CH2-COOC2H5. 

The  reason  for  investigating  this  reaction  has  been  mentioned  in 
the  introduction  to  this  paper ;  the  experiment  was  carried  out  as 
follows. 

Sodium  (5  grams)  was  dissolved  in  absolute  alcohol  (70  grams)  in 
a  flask  connected  with  a  reflux  apparatus ;  the  solution,  when  nearly 
cold,  was  mixed  with  ethylic  dimethylpropanetricarboxylate  (62 
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grams),  then  phenoxyetliylic  bromide  (45  grams)  was  acMed,  and  the 
whole  gradually  heated  to  boiling  on  a  water  bath.  No  action 
appeared  to  take  place  until  the  temperature  had  risen  to  about  50°, 
then  sodium  bromide  began  to  separate  rapidly,  and  after  heating  to 
boiling  for  four  hours  the  liquid  had  a  neutral  reaction.  Water  was 
now  added,  the  oily  product  extracted  four  times  with  ether,  the 
ethereal  solution  well  washed  with  water,  dried  over  calcium  chloride, 
and  evaporated,  when  88  grains  of  a  very  slightly  coloured  oil  was 
obtained  ;  this  was  not  analysed  but  directly  converted  into  the  corre- 
sponding acid  by  hydrolysis. 

For  this  purpose,  the  oil  was  heated  for  four  hours  in  a  reflux 
apparatus  with  poiash  (80  grams) ,  dissolved  in  pure  methylic  alcohol, 
the  bulk  of  the  alcohol  was  then  distilled  off,  water  added,  and  the 
neutral  oil  (phenoxyethyl  ethyl  ether,  C6H5O*CH2*CH2*OC2H5,  see  p. 
1503)  which  separated  was  extracted  with  ether;  the  aqueous  solution 
was  then  evaporated  on  a  water  bath  until  quite  free  from  alcohol, 
and  the  cold,  moderately  concentrated  solntion  acidified  with  hydro- 
chloric acid.  This  caused  the  precipitation  of  a  viscous  oil,  which, 
however,  on  adding  ice  and  shaking  well,  solidified  in  the  course  of 
half  an  hour,  to  a  hard,  ochre-coloured  mass.  In  order  to  purify  it, 
the  crude  substance  was  ground  up  with  water,  well  washed  by  means 
of  the  pump,  dissolved  in  dilute  sodium  carbonate,  and  the  brown 
solution  heated  on  a  water  bath  with  purified  animal  charcoal  for  an 
hour  ;  after  filtration,  the  liquid  was  very  much  lighter  coloured,  and, 
on  the  addition  of  hydrochloric  acid,  gave  an  almost  colourless,  oily  pre- 
cipitate, which,  however,  very  rapidly  solidified.  The  solid  acid  was 
collected,  washed  with  water,  left  in  contact  with  porous  porcelain 
for  a  few  days,  and  then  purified  by  recrystallisatiou  from  dilute  acetic 
acid ;  it  was  thus  obtained  in  the  form  of  colourless  prisms,  which,  on 
analysis,  gave  the  following  numbers. 

I.  0-1106  gave  0*2676  C02  and  0-0626  H2O.     C  =  65*99 ;  H  =  6'33. 

IT.  0-1392     „     0-3381     „      „    0-0750     „        C  =  66'23 ;  H  =  5-98. 

(C6H6-0-CH2-CH2)2C(COOH)2  requires  C  =  66'28 ;  H  =  5'81  p.c. 

This  acid  melted  at  about  150 — 152°  with  decomposition,  and  was 
found,  on  examination,  to  be  diphenoxyethylmalonic  acid,  identical 
with  the  acid  which  was  subsequently  prepared  by  the  action  of 
phenoxyethylic  bromide  on  the  sodium  derivative  of  ethylic  malonate, 
and  is  described  in  a  previous  paper  (Bentley,  Haworth,  and  Perkin, 
this  vol.,  169). 

Salts  of  Diphenoxyethylmalonic  acid. 
These  have  not  been  previously  described. 

The  silver  salt,  (06H50-CH2-CHo)C(COOAjr)2,  was  obtained  as  a 
curdy,  white  precipitate  on  adding  an  excess  of  silver  nitrate  to 
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the  slightly  alkaline  solution  of  the  ammonium  salt  of  the  acid.  It 
was  collected,  well  washed  with  water,  dried  on  a  porous  plate  over 
sulphuric  acid  and  then  for  a  short  time  in  the  water  oven. 

0-1981  gave  0'2907  C02,  Q'0621  H2O,  and  0-0759  Ag.     C  =  40'09 ; 

H  =  3-48;  Ag  =38-31. 

C19H10Ag2O6  requires  C  =  40'86 ;  H  =  3'22;  Ag  =  38'71  per  cent, 
The  dilute  solution  of  the  ammonium  salt  of  this  acid  shows  the 
following  behaviour  with  reagents. 

Calcium  Chloride. — A  heavy,  white,  amorphous  precipitate. 
Barium  Chloride. — A    white,    amorphous    precipitate,   which,    on 

boiling,  apparently  becomes  crystalline. 
Copper    Sulphate. — A  light  blue  gelatinous  precipitate,  insoluble 

in  water. 
Lead  Acetate. — A  white,  gelatinous  precipitate,  which,  on  boiling, 

cakes  together  to  a  caseous  mass  quite  insoluble  in  water. 

Diphenoxyethylacetic  acid,  (C6H6-0-CH2-CH2)2CH-COOH. 

When  diphenoxyethylmalonic  acid  is  heated  at  180°,  it  is  rapidly 
decomposed  with  evolution  of  carbon  dioxide  and  formation  of 
diphenoxyethylacetic  acid,  the  reaction  taking  place  quantitatively, 
as  is  shown  by  the  following  experiment. 

9'0224  grams  of  the  pure  dibasic  acid,  heated  in  a  small  flask  in  an 
oil  bath,  lost  1'1574  gram  of  C02  =  12-83  per  cent.,  whereas  accord- 
ing to  the  equation 

(C6H6-0-CH2-CH2)2C(COOH)2=(C6H5-0-CH2-CH2)2CH-COOH  +  G02, 

the  calculated  loss  is  12'78  per  cent. 

The  residual  monobasic  acid  was  dissolved  in  dilute  sodium 
carbonate,  and  the  solution  digested  with  purified  animal  charcoal 
and  filtered ;  the  filtrate  was  then  acidified  with  hydrochloric  acid, 
and  the  precipitated  acid,  which  at  first  was  oily  but  which  soon 
solidified  to  a  hard  cake,  was  washed  with  water,  and  purified  by 
recrystallisation  from  dilute  alcohol. 

0-1264  gave  0-3334  C02  and  0'0751  H2O.     C  =  71-93 ;  H  =  6-60. 
(C6H5-0-CH2-CH2)2CH-COOH  requires  C  =  72'00 ;  H  =  6-67  p.  c. 

It  melts  at  87 — 88°  and  is  identical  with  the  acid  obtained  from  the 
sodium  compound  of  ethylic  malonate  by  the  action  of  phenoxyethylic 
bromide  (Bentley,  Haworth,  and  Perkin,  this  vol.,  169).  The  follow- 
ing salts  of  this  acid,  which  have  not  been  described,  were  prepared 
when  the  acid  was  first  obtained. 

The  silver  salt,  (C6H5-0-CH2'CH2)2CH>COOAg,  obtained  on  adding 
silver  nitrate  to  a  slightly  alkaline  solution  of  the  ammonium  salt 
of  the  arid,  is  n  caseous  precipitate,  which  after  repeated  washing 
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with  water,  becomes  quite  brittle.  It  was  ground  up,  washed  well 
with  water  and  then  with  methylic  alcohol,  and  dried  over  sulphuric 
acid.  On  analysis  the  following  results  were  obtained. 

I.  0-2480  gave  0-4830  C02,  0-1068  H2O?  and  0-0646  Ag.     C  = 

53-11 ;  H  =  4-78;  Ag  =  26'05. 
II.  0-1240  gave  0'0328  Ag.     Ag  =  26'45. 
C18H19Ag04  requires  C  =  53'07 ;  H  =  4'67 ;  Ag  =  26'53  per  cent. 

The  dilute  neutral  solution  of  the  ammonium  salt  shows  the  follow- 
ing behaviour  with  reagents. 

Calcium  Chloride. — A  white  gelatinous  precipitate,  almost  insoluble 

in  water. 

Barium  Nitrate. — No  precipitate  even  on  boiling. 
Copper  Sulphate. — A  light  blue,  caseous   precipitate,   which,    on 

boiling,  becomes  granular. 
Lead   acetate. — A  white,   caseous  precipitate,   which,  on  warming 

with  water,  becomes  pasty  and  apparently  decomposes. 

Phenoxyethyl  Ethyl  Ether,  C6H5-(>CH2-CH2-OC2H5. 

During  the  hydrolysis  of  the  product  of  the  action  of  phexoxy- 
ethylic  bromide  on  the  sodium  compound  of  ethylic  dimethylpropane- 
tricarboxylate  it  was  found,  as  stated  on  p.  1501,  that  a  considerable 
quantity  of  a  neutral  substance  was  formed.  The  product  from 
several  experiments  was  collected,  dissolved  in  ether,  washed  with 
water,  dried  over  calcium  chloride,  and  the  ethereal  solution  eva- 
porated ;  on  submitting  the  oily  residue  to  fractional  distillation,  the 
greater  portion  boiled  at  227 — 229°,  and  gave  the  following  results 


0-1502  gave  0-3974  C02  and  0-1150  H20.     C  =  72-16 ;  H  =  8'50. 
C,0HU02  requires  C  =  72'28  ;  H  =  8'43  per  cent. 

There  can  be  no  doubt  that  this  substance  is  phenoxyethyl  ethyl 
ether,  produced  by  the  action  of  sodium  ethoxide  on  the  phenoxy- 
ethylic  bromide  used  in  the  experiments. 

C6H6-OCH2-CH2Br  +  NaOC2H6  =  C6H5-OCH2-CH2-OC2H5  +  NaBr. 

It  is  a  colourless  oil  possessing  a  penetrating  odour  somewhat 
similar  to  that  of  benzyl  ethyl  ether,  C6H5-CH2-OC2H6. 
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Action  of  Phenoxy  ethylic  Bromide,  C6H5'0'CH2tCH2Br,  on  the  Sodium 
Derivative  of  Ethylic  Isopropylpropanetricarboxylate.  Formation  of 
Phenoxyethylisopropylpropanetricarboxylic  acid, 

(COOH)2C CH3-CH-COOH 

CH2-CH2-OC6H5     CH(CH3)2  ' 

In  carrying  out  this  experiment,  1/2  gram  of  sodium  was  dissolved 
in  15  grams  of  absolnte  alcohol,  and,  after  cooling  well,  15  grams  of 
ethylic  isopropylpropanetricarboxylate  was  added  ;  the  yellow  solu- 
tion thus  produced  was  mixed  with  11  grams  of  phenoxyethylic 
bromide,  and  the  whole  heated  in  a  reflux  apparatus  on  the  water 
bath ;  at  first  very  little  action  appeared  to  take  place,  but  after  a 
time  the  liquid  became  suddenly  cloudy  and  quantities  of  sodium 
bromide  separated  rapidly. 

After  heating  for  10  hours  to  boiling,  the  product,  which  was 
still  alkaline,  was  mixed  with  water,  and  extracted  five  times  with 
ether;  the  ethereal  solution  was  washed  well,  dried  over  calcium 
chloride,  and  evaporated,  when  22  grams  of  a  yellow  oil  were  ob- 
tained, which  did  not  solidify  after  standing  over  sulphuric  acid  in  a 
vacuum  for  two  days. 

This  oil,  on  examination,  proved  to  be  a  mixture ;  it  was  therefore 
not  analysed  but  converted  into  the  corresponding  acids,  by  boiling 
for  two  hours  with  methyl  alcoholic  potash  (20  grams).  The  alkaline 
product  was  evaporated  until  free  from  alcohol,  extracted  with  ether 
to  remove  any  neutral  oil  (phenoxyethyl  ethyl  ether),  again  evapo- 
rated, the  residue  dissolved  in  water,  and,  after  cooling  well,  acidified 
with  dilute  hydrochloric  acid.  The  yellowish  semi-solid  mass  which 
was  thus  precipitated  soon  became  quite  solid,  especially  after 
adding  ice  and  shaking  well ;  it  was  collected,  ground  up  with 
water,  and  washed  with  the  aid  of  the  pump,  the  mother  liquors 
being  preserved  for  subsequent  investigation  (see  below).  In  order 
to  purify  the  crude  acid  thus  obtained,  it  was  dissolved  in  dilute 
sodium  carbonate,  digested  with  purified  animal  charcoal,  filtered, 
and  the  filtrate,  after  cooling  with  ice,  acidified  with  hydrochloric 
acid,  the  whole  being  stirred  during  the  operation.  In  this  way  an 
almost  colourless  precipitate  of  nearly  pure  phenoxyethylisopropyl- 
propanetricarboxylic  acid  was  obtained,  which,  after  washing  and 
drying,  resembled  starch  powder  in  appearance  ;  in  this  condition,  it 
melted  at  178 — 180°  with  vigorous  evolution  of  gas. 

This  product  was  now  dissolved  in  much  pure  ether,  the  ethereal 
solution  evaporated  to  a  small  bulk,  and  allowed  to  stand  in  a  closed 
flask,  when  the  pure  acid  separated  in  hard,  glistening,  crystalline 
crusts  ;  these  crystals  were  washed  with  ether,  dried  at  100°,  and 
analysed  with  the  following  results, 
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I.  0-1080  gave  0'2368  CO,  and  0'0640  H3O.     C  =  59'80  ;  H  =  6'58. 

IT.  0-1032     ,.     0-2286    „       „     0'0630     „        C  =  60-41 ;  H  =  678. 

C17H,207  requires  C  =  60'36 ;  H  =  6'5l  per  cent. 

PhenoxyethiiUsopropylpropanetricarboxylic  acid,  when  heated  in  a 
capillary  tube,  softens  at  178°  and  melts  at  179 — 180°  with  rapid 
decomposition  into  carbon  dioxide  and  the  corresponding  dibasic 
acid.  It  is  readily  soluble  in  alcohol,  but  only  sparingly  in  benzene, 
light  petroleum,  chloroform,  and  cold  water;  the  finely  divided  sub- 
stance dissolves  with  difficulty  in  boiling  water,  and  crystallises  out 
again  on  cooling  almost  completely  in  curious  nodular  masses. 

The  yield  of  the  phenoxy-acid  obtained  by  the  above  method  is  only 
4 — 5  grams  from  15  grams  of  ethylic  isopropylpropanetricarboxylate, 
whereas,  assuming  this  ethereal  salt  to  be  pure,  over  17  grams  should 
have  been  obtained.  One  reason  for  this  is  the  formation  of  consider- 
able quantities  of  phenoxyethyl  ethyl  ether  during  the  reaction,  and 
thus  a  portion  of  the  ethylic  isopropylpropanetricarboxylate  employed 
takes  no  part  in  the  decomposition,  and  remains  unchanged  in 
the  crude  product  of  the  reaction.  On  hydrolysing  this  crude  pro- 
duct, as  described  above,  and  precipitating  the  phenoxy-acid  with 
hydrochloric  acid,  isopropylpropanetricarboxylic  acid  remains  in  the 
nitrate  and  in  the  mother  liquors  from  the  purification  of  this  acid, 
and  is  easily  recovered  by  neutralising  with  sodium  carbonate,  evapor- 
ating to  a  small  bulk,  acidifying,  and  extracting  10  times  with  pure 
ether.  After  drying  over  calcium  chloride  and  distilling  off  the  ether, 
the  oily  residue  was  etherified  by  treatment  with  alcohol  and  sulph- 
uric acid,  and  the  ethereal  salt,  after  purification  by  distillation 
under  reduced  pressure,  was  employed  in  subsequent  operations. 
Ultimately  a  good  yield  of  phenoxyethylisopropylpropanetricarb- 
oxylic  acid  may  be  obtained  in  this  way ;  but  the  preparation  of  this 
acid  is,  nevertheless,  a  very  tedious  one,  many  weeks  being  required 
in  preparing  it — even  in  small  quantities. 

Phe'iioxyethylisopropy  Ig  lutaric  acid, 

COOH-CH CH2 CH-COOH 

CH3-  CH2-0-C6H6    CH(CH3)2 ' 

When  phenoxyethylisopropylpropanetricarboxylic  acid  is  heated  at 
180 — 190°,  it  rapidly  loses  carbon  dioxide,  and,  apparently  also,  water 
vapour,  and  is  converted  into  a  colourless  oil  which,  on  cooling,  does 
not  solidify,  even  on  long  standing,  and  may  possibly  consist  of  the 
anhydride  of  the  dibnsic  acid.  It  was  dissolved  in  boiling  dilute  sodium 
carbonate,  the  solution  filtered,  acidified,  and  extracted  with  pure 
ether,  the  ethereal  solution  dried  over  calcium  chloride,  evaporated 
at  a  low  temperature,  and  the  residual  oil  allowed  to  stand  for  two 
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days,  when  it  had  almost  completely  solidified.  Considerable  diffi- 
culty was  experienced  in  endeavouring  to  recrystallise  the  acid,  but 
ultimately  this  was  accomplished  by  dissolving  the  crude  substance 
in  a  large  quantity  of  light  petroleum  (b.  p.  100 — 120°),  boiling  with 
animal  charcoal,  filtering,  and  allowing  the  solution  to  stand  for 
some  days  exposed  to  the  air ;  nodular  crystals  then  separated, 
which,  after  washing  with  light  petroleum  (b.  p.  40 — 45°),  gave  the 
following  numbers  on  analysis. 

0-1317  gave  0-3161  C02  and  0'0899  H2O.     C  =  65-43;  H  =  7'50. 
0-1431    „      0-3415     „      „     0-0969     „        C  =  65-10;  H  =  7'51. 
C,6H2205  requires  C  =  65'30 ;  H  =  7'49  per  cent. 

Phenoxyethylisopropylglutaric  acid  melts  at  about  90 — 93° ;  it  is 
readily  soluble  in  alcohol  and  ether,  but  almost  insoluble  in  water. 
When  heated  for  some  time  in  a  water  bath,  it  is  converted  into 
an  oil  which,  on  cooling,  sets  to  a  transparent  jelly ,  this  does  not 
crystalli.se,  even  on  rubbing  with  a  crystal  of  the  pare  acid,  and, 
therefore,  may  possibly  be  the  anhydride  of  the  acid,  especially  as  it 
dissolves  in  cold  sodium  carbonate  with  difficulty. 
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97.  Action   of  ethylic  £-iodopropionate   on  the   sodium  derivative  of 
ethylic  isopropylmalonate. 

By  J.  L.  HEINKE  and  W.  H.  PERKIN,  jun. 

THESE  experiments  which  were  instituted,  as  explained  in  the  intro- 
duction to  the  preceding  paper,  with  the  object  of  obtaining  addi- 
tional evidence  of  the  constitution  of  isopropylglutaric  acid,  were 
conducted  as  follows. 

Sodium  (6  grams)  was  dissolved  in  absolute  alcohol  (75  grams), 
the  solution  cooled,  and  very  carefully  purified  ethylic  isopropyl- 
malonate  (55  grams)  and  ethylic  /3-iodopropionate  (50  grams)  were 
added,  when  a  somewhat  energetic  action  set  in,  the  mixture 
becoming  quite  hot.  .As  soon  as  the  action  had  subsided,  the  mixture 
was  heated  for  four  hours  on  a  water  bath,  in  a  reflux  apparatus, 
water  was  then  added,  the  oily  product  extracted  three  times  with 
ether,  the  ethereal  solution  washed  well  with  water  containing  a 
little  sulphurous  acid,  to  remove  traces  of  iodine,  dried  over  calcium 
chloride,  evaporated,  and  the  residual  oil  fractionated  under  reduced 
pressure  (100  mm.). 

Between  150°  and  210°,  about  20  grams  came  over,  the  thermo- 
meter then  rose  rapidly  to  220°,  most  of  the  residue  distilling  at 
225 — 235°,  and  this  portion,  on  ref  ractionation,  distilled  almost  con- 
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stantly  at  228—230°  (100  ram.)  as  a  thick,  colourless  oil,  which,  on 
analysis,  gave  the  following  numbers. 

0-1604  gave  0'3490  C02  and  0-1236  H2O.     C  =  59'34;  H  =  8'56. 
0-1444     „     0-3159    „       „    0-1123     „        C  =  59'64 ;  H  =  8'65. 

C15H2606  requires  C  =  59'60 ;  H  =  8'61  per  cent. 
This  ethylic  a-isopropylpropane-ao<.(x,rtricarboxylate, 

(COOC2H6)2C(C3HO-CH2-CH2-COOC2H5, 
is  isomeric  with  the  ethereal  salt, 

(COOC2H5)2-CH-CH2-CH(C3H7)-COOC2H5, 

described  in  the  preceding  paper,  and  obtained  by  the  action  of 
ethylic  a-bromotrimethylpropionate  on  the  sodium  derivative  of 
ethylic  malonate,  or  by  condensing  ethylic  malonate  with  ethylic 
isopropylacrylate.  Both  of  these  ethereal  salts  are  thick,  colourless 
oils,  the  former  boiling  apparently  rather  higher  than  the  latter. 

Hydrolysis  of  Ethylic  a-Isopropylpropane-aaa^tricarboxylate.  Forma- 
tion of  a-Isopropylpropane-aaai-tricarboxylic  acid,  and  of  Isopropylglu- 
taric  acid. 

The  hydrolysis  of  ethylic  isopropylpropanetricarboxylate  was 
carried  out  by  boiling  the  pure  substance  in  a  reflux  apparatus 
with  twice  the  calculated  quantity  of  alcoholic  potash  for  four  hours  ; 
the  product  was  mixed  with  water,  evaporated  on  a  water  bath  till 
free  from  alcohol,  acidified,  and  extracted  10  times  with  pure  ether. 
The  ethereal  solution  was  dried  over  calcium  chloride  and  evaporated 
at  a  low  temperature,  when  an  oily  acid  was  obtained  which  did  not 
crystallise,  even  when  left  for  some  days  over  sulphuric  acid  in  a 
vacuum.  The  analysis  gave  numbers  indicating  that  the  substance 
consisted  of  nearly  pure  a-isopropylpropane-aao^-tricarboxylic  acid. 

0-1423  gave  0'2607  C02  and  0-0810  H20.     C  =  49'95  ;  H  =  6'33. 
C9H,4O6  requires  C  =  49'54 ;  H  =  6'41  per  cent. 

This  acid  differs  from  its  isomeride,  described  in  the  preceding 
paper,  in  that,  when  its  solution  in  water  is  saturated  with  hydrogen 
chloride,  the  acid  does  not  separate  in  a  crystalline  form,  and  it  has, 
so  far,  not  been  possible  to  obtain  the  substance  in  a  crystalline  state 
by  treatment  with  various  solvents. 

When  heated  at  200°,  the  tribasic  acid  is  decomposed  with  evolution 
of  carbon  dioxide  and  formation  of  isopropylglutaric  acid  ;  this  was 
best  purified  as  follows  :— The  crude  acid  was  digested  with  acetic 
anhydride,  and  then  converted  into  its  anhydride ;  this  was  frac- 
tionated under  reduced  pressure,  when  almost  the  whole  distilled  at 
217 — 222°  (100  mm.)  as  a  colourless  oil  which  rapidly  solidified  on 
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standing.  The  crystals  were  spread  on  porous  porcelain  until  free 
from  oily  mother  liquor,  and  the  residual,  colourless,  crystalline  mass 
recrystallised  from  light  petroleum. 

0-1762  gave  0'3969  C02  and  0-1210  H20.     C  =  61-43;   H  =  7'63 
C8H12O3  requires  C  =  61'54 ;  H  =  7'68  per  cent, 

This  anhydride  melts  at  53 — 54°,  and  crystallises  from  light 
petroleum  in  the  same  characteristic  woolly  masses  as  the  isopropyl- 
glutaric  anhydride  described  in  the  previous  paper.  When  treated 
with  aniline  in  benzene  solution,  it  yields  isopropylglutaranilic  acid 
(m.  p.  158°),  which  was  analysed  with  the  following  result. 

0"2266  gave  11  c.c.  moist  nitrogen  at  15°  and  755  mm.     N  =  5"65. 

CuH19N03  requires  N  =  5'62  per  cent. 

Lastly,  if  the  anhydride  be  dissolved  in  boiling  water,  the  solution 
concentrated,  saturated  with  hydrogen  chloride,  and  allowed  to  stand, 
hard,  colourless  crystals  of  isopropylglutaric  acid  separate,  which 
melt  at  94 — 95°,  and  resemble  in  all  respects  the  crystals  of  isopropyl- 
glutaric acid  obtained  in  the  manner  described  in  the  previous 
paper. 

0-1470  gave  G'2963  CO2  and  0'1067  H2O.     C  =  55-07  ;  H  =  7'93. 
C8HU04  requires  C  =  55'17;  H  =  8'04  per  cent. 

While  these  experiments  were  in  progress  and  nearly  completed, 
we  heard  from  Professor  Auwers  that  he  had  instituted  similar 
experiments  in  conjunction  with  Mr.  A.  W.  Titherley.* 

These  chemists  studied  the  action  of  ethylic  /3-iodopropionate  on 
the  sodium  derivative  of  ethylic  isopropylmalonate,  and  thus  obtained 
an  ethereal  salt  boiling  at  197°  (33  mm.),  which,  although  not 
analysed,  was  obviously  identical  with  the  ethylic  a-isopropylpro- 
pane-aaai-tricarboxylate  obtained  by  us,  and  which  distilled,  as  stated 
above,  at  228—230°  (100  mm.). 

This  ethereal  salt  was  then  hydrolysed  by  boiling  with  hydro- 
chloric acid,  and  thus  converted  into  a  remarkably  stable  crystal- 
line diethylic  salt  of  the  formula 

(COOC2H5)2C(C3H7)-CH2-CH2-COOH, 

(m.  p.  68 — 69°),  which  appears  to  resist  the  farther  action  of  the 
acid  ;  when  boiled  with  alcoholic  soda,  however,  it  is  hydrolysed, 
with  formation  of  a  syrupy  acid,  which  evidently  consists  of  not 
quite  pure  isopropylglutaric  acid.  As  soon  as  Professor  Auwers 
heard  that  we  were  investigating  this  subject  and  had  already 
obtained  pure  isopropylglutaric  acid,  he  did  not  continue  his  experi- 
ments, but  kindly  left  the  completion  of  the  research  to  us. 

*  The  i%esults  of  these  experiments  have  since  been  published  in  the  Annalen, 
1896,292,  217. 

b  2 
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Pentane-oL^oL^tetracarloxylic  acid,  (COOH)2C(CH2-CHyCOOH)2. 

In  our  first  experiments  on  the  action  of  ethylic  /3-iodopropionate 
on  the  sodium  derivative  of  ethylic  isopropylmalonate,  a  sample  of  the 
latter  was  employed  which  boiled  at  209 — 211°,  and  which,  although 
it  had  been  carefully  prepared,  must  evidently,  from  the  results 
subsequently  obtained,  have  contained  some  unchanged  ethylic  malo- 
nate.  This  fraction  was  treated  with  sodium  and  ethylic  /3-iodo- 
propionate,  as  described  on  p.  1506,  and  the  product  distilled  under 
reduced  pressure  (30  mm.),  when,  after  the  ethylic  isopropylpro- 
panetricarboxylate  had  passed  over,  a  considerable  fraction  was 
obtained,  boiling  at  230 — 235°.  After  again  fractionating,  this 
gave  the  following  results  on  analysis. 

0-1411  gave  0'2957  CO2  and  0'1019  H20.     C  =  57'13  ;  H  =  8'03. 
C17H2808  requires  C  —  56'67 ;  H  =  7'78  per  cent. 

The  further  examination  of  this  substance  showed  that  it  was 
ethylic  pentane-aryyaj-tetracarboxylate,  identical  with  the  compound 
obtained  by  Emery  (Ber.,  1891,  24,  282)  by  treating  the  sodium 
compound  of  ethylic  malonate  with  ethylic  /3-bromopropionate. 

(COOC2H5)2CNa2  +  2CH3Br-CH2.COOC2H5  = 

(COOC2HS)2C(CH2-CH./COOC2H5)2  +  2NaBr. 

Emery  gives  the  boiling  point  of  his  ethereal  salt  as  215°  (13  mm.). 
From  the  ethereal  salt,  the  corresponding  tetracarboxylic  acid,  which 
is  not  described  by  Emery,  may  be  obtained  in  the  following  way. 
It  is  hydrolysed  by  boiling  with  an  excess  of  alcoholic  potash  for  two 
hoars  in  a  reflux  apparatus,  the  solution  mixed  with  water,  boiled  until 
free  from  alcohol,  evaporated  to  a  small  bulk,  acidified,  and  extracted 
at  least  30  times  with  pure  ether,  as  the  acid  is  only  sparingly  soluble 
in  ether  and  very  difficult  to  extract.  After  drying  the  ethereal  solu- 
tion over  calcium  chloride  and  evaporating  to  a  small  bulk,  crystal- 
line crusts  are  deposited  on  standing ;  these  were  collected,  washed 
with  ether,  dissolved  in  a  very  little  water,  and  the  solution  saturated 
with  hydrogen  chloride,  when  almost  the  whole  of  the  acid  separated 
as  a  colourless,  sandy  powder,  which  gave  the  following  res  alts  on 
analysis. 

0-1321  gave  0'2112  C02  and  0'0594  H20.     C  =  43' 61 ;  H  =  4'99. 
C9H12O8  requires  C  =  43'55  ;  H  =  4'84  per  cent. 

Pentane~ot,^oirtetracarl)oxylic  acid,  when  heated  in  a  capillary  tube, 
decomposes  rapidly  at  about  185 — 187°  with  vigorous  evolution  of 
gas,  and  formation  of  pentaiie-a^/aj-tricarboxylic  acid. 
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Pentane-a^ai-tricarboxyUc  acid,  COOH-OH(CH2-CH2-COOH)2. 

This  acid  was  prepared  by  heating  the  corresponding  tetracarb- 
oxylic  acid  at  200°  until  the  evolution  of  carbon  dioxide  had  ceased. 
The  syrupy  residue  was  dissolved  in  hot  water,  and  the  solution,  after 
cooling,  saturated  with  hydrogen  chloride,  but  no  crystallisation  took 
place  even  on  long  standing ;  when,  however,  the  solution  was  placed 
over  solid  potash  in  a  vacuum  desiccator,  beautiful  colourless  prisms 
separated  after  some  days ;  these  were  collected,  dried  at  90°,  and 
analysed. 

I.  0-1785  gave  0-3078  C02  and  O'lOOl  H2O.     C  =  47'03;  H  =  6'29. 

II.  01431     „     0-2478    „     „    0-0768    „        C  =  47-23 ;  H  =  5-97. 

C8H1206  requires  C  =  47'06 ;  H  =  5'88  per  cent. 

Pentane-<x.<yai-tricarboxylic  acid  melts  at  114 — 115°  with  slight 
previous  softening.  Emery  (Ber.,  1891,  24,  284)  gives  the  melting 
point  at  106—107°. 
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On  7-phenoxy- derivatives  of  malonic  acid  and  acetic  acid,  and  various 
compounds  used  in  the  synthesis  of  these  acids. 

By  WILLIAM  HENRY  BENTLEY,  EDWARD  HAWORTH,  and  WILLIAM  HENRY 

PERKIN,  jun. 

THIS  paper  contains  a  description  of  a  number  of  compounds  which 
were  prepared  in  the  course  of  a  research,  not  yet  completed,  on 
the  synthesis  of  methylisopropyltetramethylenedicarboxylic  acid, 

CH2-C(CH3VCOOH 

A -IT  A//-C  TT  \  ^/~k^     •     This  aci(*  possesses  especial  interest  from  the 

GH2'C(C3H7)*COOH 

fact  that  its  formula  was  for  a  long  time  considered  as  the  most 
probable  expression  of  the  constitution  of  camphoric  acid. 

Our  idea  in  attempting  to  synthesise  this  acid  was  to  prepare  in 
the  first  instance  aa^-methylisopropyladipic  acid, 

COOH-CH(CH3)-CH2-CH2-CH(C3H7)-COOH; 

to  brominate  this  acid  and  then  to  treat  the  dibromo-acid  thus  formed 
with  finely  divided  silver. 

CH,CBr(CH3).COOH  CH2.C(CH3)-COOH 

CH2-CBr(C3H7)-COOH  ^  CH2-C(C3H7)-COOH  ^ 

In  attempting  to  synthesise  aarmethylisopropyladipic  acid  we  have 
met  with  unexpected  difficulties. 

It  was  known  from  the  work  of  Bevan  Lean  (Trans.,  1894,  65,  997  ; 
compare  also  Perkin  and  Prentice,  Trans.,  1891,  59,  819,  and  Guth- 
zeit  and  Dressel,  Annalen,  1890,  256,  180—188),  that,  starting  with 
ethylic  butanetetracarboxylate, 

(COOC2H5)2CH-CH2-CH2-CH(COOC2H5)2, 

and  treating  this  ethereal  salt  with  sodium  ethoxide  and  methylic 
iodide,  and  then  again  with  sodium  ethoxide  and  isopropylic  iodide, 
it  was  not  possible  to  obtain  ethylic  methylisopropylbutane  tetra- 
carboxylate  from  which  the  desired  acid  could  easily  have  been  pre- 
pared, because  when  this  ethereal  salt  (1  mol.)  is  treated  with  sodium 
(1  atom)  and  methylic  iodide  (1  mol.)  the  dimethyl  derivative, 
(COOC2H5)2C(CH3)-CH2-CH2-C(CH3)(COOC2H6)2, 

is  at  once  produced  with  regeneration  of  half  of  the  ethylic  butane- 
tetracarboxylate,  so  that  it  was  found  necessary,  in  order  to  prepare 
methylisopropyladipic  acid,  to  resort  to  indirect  methods.  The 
following  experiments  were  therefore  instituted,  and  although  many 
of  them  gave  interesting  results,  we  have  not  been  able,  so  far,  in  any 
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case  to  obtain  sufficient  of  the  methylisopropyladipic  acid  for  analysis 
and  an  examination  of  its  properties. 

(1)  The  action  of  sodium  ethoxide  and  ethylene  dibromide  (or 
chlorobromide)  on  various  mixtures  of  ethylic  methylmalonate  and 
ethylic  isopropylmalonate  was  studied  in  the  hope  that,  in  this  way, 
ethylic  methylisopropylbutanetetracarboxylatb  might  be  formed. 

(COOC2H5)2CNa-CH3  +  BrCH2-CH2Br  +  CNa(C3H7)(COOC2H5)2 
=  (COOC2H5)2C(CH3)-CH2-CH2-C(C3H7)(COOC2H6)2  +  2NaBr. 

but,  at  the  most,  only  very  small  quantities  of  this  ethereal  salt  could 
be  obtained,  and  from  it  no  well  defined  acid  could  be  isolated. 

9TT   .OTT   •P'.r^TT 
,  2  I         3,     was    prepared    and 

(J CO 

Converted  into  ethylic  <y-bromethylmethylacetate  by  treatment  with 
hydrogen  bromide  and  subsequent  etherification  ;  this  ethereal  salt 
was  then  digested  with  the  sodium  derivative  of  ethylic  isopropyl- 
malonate, when  it  was  anticipated  that  the  following  decomposition 
would  take  place. 

(COOC2H6)2CNa-C3H7  +  BrCH2-CH2-CH(CH3)-COOC2H5 

=  (COOC2H5)2C(C3H7)-CH2-CH2-CH(CH3)-COOC2H5. 

From  this  ethylic  methylisopropylbutanetricarboxylate,  the  desired 
acid  could  then  be  obtained  by  hydrolysis  and  elimination  of  1  mol. 
of  carbon  dioxide. 

Unfortunately,  during  this  reaction,  the  brom-ethereal  salt  is  evi- 
dently for  the  most  part  decomposed  into  methylbutyrolactone  and 
ethylic  bromide,  so  that  in  this  instance  again  very  small  quantities 
only  of  an  ethereal  salt  of  high  boiling  point  were  obtained. 

Some  considerable  difficulty  was  experienced  in  preparing  methyl- 
butyrolactone, and  a  number  of  experiments  on  the  action  of  glycol 
chlorhydrin  on  the  sodium  compounds  of  ethylic  methylmalonate, 
and  ethylic  methylacetoacetate,  under  widely  different  conditions, 
failed  to  give  condensation  products  from  which  this  lactone  might 
readily  have  been  prepared  by  hydrolysis. 

Ultimately  considerable  quantities  of  methylbutyrolactone  were 
obtained  in  the  following  way  : — 

(3-Bromethyl  phenyl  ether  was  first  prepared  by  the  action  of 
ethylene  dibromide  on  sodium  phenoxide  in  alcoholic  solution, 

C6H5-ONa  +  BrCH2-CH3Br  =  C6H5-OCH2-CH2Br  +  NaBr, 
and  from  this,  by  digesting  it  with  the  sodium  compound  of  ethylic 
methylmalonate,    ethylic     <y-phenoxyethyl-a-methylmalonate    was    ob- 
tained. 

C6H5-OCH2-CH2Br  +  NaC(CH3)(COOC2H5)2  = 

C8H5-0-CH2-CH2-C(CH3)(COOC2H5)2  +  NaBr. 
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This  ethereal  salt  on  hydrolysis  yields  the  corresponding  acid,  which, 
•when  heated  at  180°,  loses  1  mol.  of  carbon  dioxide  with  formation  of 
V-phenoxyethylmethylacetic  acid,  C6H5-0-CH2-CH,-CH(CH3)-COOH ; 
the  latter,  by  the  action  of  fuming  hydrobromic  acid,  is  decomposed 
into  phenol  and  ry-bromethylmethylacetic  acid. 

C6H6-0-CH2-CH2-CH(CH3)-COOH  +  HBr  =  C6H5-OH  + 

BrCH2-CH2-CH(CH3)-COOH. 

Boiling  with  sodium  carbonate  solution  readily  decomposes  this 
bromo-acid  with  formation  of  methyl  butyrolactone, 

BrCH2-CH2-C'H-CHs        CH2-CHS-CH-CH3 
600H      =  6 CO 

After  these  experiments  had  been  completed,  a  paper  by  R.  Marburg 
appeared  in  the  Berichte  (1895,  28,  8)  describing  a  different  method 
for  preparing  methylbutyrolactone,  which  is  briefly  as  follows  : — 

Ethylene  dibromide  is  digested  with  the  sodium  derivative  of  ethylic 
methylmalonate,  when  the  product  of  the  action  is  found  to  contain 
ethylic  7- bromethylmethy Ima lonate, 

CH2Br-CH2Br  +  NaC(CH3)(COOC2H5)2  =  NaBr  + 

CH2Br-CH3-C(CH3)(COOC2H5)2. 

This  ethylic  salt,  on  hydrolysis  with  barjta  water,  yields  the  barium 
salt  of  ^{-hydroxyethylmethylmalonic  acid, 

CH2(OH)-CH2-C(CH3)  (COO)2Ba. 

The  free  hydroxy  acid  is  not  capable  of  existence,  as,  on  acidifying 
its  barium  salt,  it  at  once  decomposes  with  elimination  of  water  and 
formation  of  a-methylbutyrolactonecarboxylic  acid, 

CH2-CH2-C(CH3)-COOH, 

6 CO 

and  this  on  dry  distillation  yields  methylbntyrolactone  with  evolution 
of  carbon  dioxide.  The  properties  of  the  substance  prepared  in  this 
way  are  identical  with  those  of  the  methylbutyrolactone  obtained  by 
us  by  the  method  described  above. 

During  the  course  of  this  investigation  many  difficulties  were 
encountered  which  necessitated  the  preparation  and  examination  of 
a  number  of  substances  which  at  first  sight  may  appear  to  have  little 
connection  with  the  synthesis  mentioned  above.  Such  of  these  sub- 
stances as  are  mentioned  in  this  communication  may  be  tabulated 
for  the  sake  of  reference,  they  are  the  following : — 

Glycolphenyl  ether,  CflH5-OCH2-CH2-OH. 
ft-chlorethyl  phenyl  ether,  C6H6'OCH2-CH2C1. 

b  2 
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p-bromethyl  plienyl  ether,  C6H5-OCH2-CH2Br. 
Ethylene  diphenyl  ether,  C6H5-OCH2-CH2-OC6H5. 
Methylene  diphenyl  ether,  C6H5*OCH2-OC6H5. 
V-Phenoxyethylmalonic  acid,  C6H5-0-CH2-CH2-CH(COOH)2. 
<^.Phenoxybutyric   acid,    C6H5-0-CH2-CH2-CH2-COOH. 

CH2-CH2-CH3 
Butyrolactone,     \  pn  ' 

Diphenoxyethylmalonic  acid,  (C6H50-CH2-CH2)2C(COOH)3. 
Diphenoxyethylacetic  acid,  (C6H50'CH2-CH2)2CH-COOH. 
(3-Phenoxyethyl-y-hydroxybutyric  acid, 


C6H5OCH2-CH2 

P-Ethoxy  ethyl  phenyl  ether,  C6H5-OCH2-CH2-OC2H6. 

^f-Phenoxyethyl-oi-methylmalonic  acid, 

C6H5-0-CH2-CH2-C(CH3)(COOH)2. 

7-  Phenoxy  ethyl-  a-methylacetic  acid, 

C6H5-0-CH2-CH2-CH(CH3)-COOH, 

Tif  n   77.  ,.      7  CH2*CH2'CH'CH3 

Methylbutyrolactone,    '  '  _ 

a-Methyl-v-bromolutyric  acid,  CHaBr-CH2-CH(CH3)-COOH. 

A  few  of  the  above  compounds  have  been  prepared  previously,  and 
in  these  cases  we  have  only  given  details  where  we  have  been  able 
to  effect  improvements  in  the  preparation. 

We  are  still  engaged  in  experiments  on  the  preparation  of  methyl- 
isopropyltetramethylenedicarboxylic  acid,  and  hope  soon  to  be  able  to 
lay  before  the  Society  an  account  of  the  results  obtained. 

At  the  same  time  we  are  continuing  the  examination  of  some  of  the 
substances  tabulated  above,  and  especially  interesting  results  are 
anticipated  from  the  study  of  the  hydrolysis  of  diphenoxyethylacetic 
acid. 

Glycol  Monophenyl  Ether,  C6H5-OCH2-CH2-OH. 

To  obtain  this  substance,  sodium  (1  atom)  was  dissolved  in  ethylic 
alcohol,  phenol  (1  mol.)  and  glycol  chlorhydrin  (1  mol.)  added,  and  the 
mixture  heated  in  a  reflux  apparatus  until  neutral.  The  alcohol  was 
then  distilled  off,  water  added,  and  the  product  extracted  with  ether. 
After  washing  well,  first  several  times  with  dilute  caustic  soda  to 
remove  phenol,  and  afterwards  with  water,  the  ethereal  solution  was 
evaporated,  and  the  residue  distilled  under  diminished  pressure  ;  the 
whole  distilled  between  163°  and  166°  (80  mm.  pressure),  the  yield 
being  very  good.  A  portion  boiling  at  165°  was  collected  for  analysis, 
and  gave  the  following  numbers. 
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0-1316  gave  O0864  H20  and  G'3358  C02.     C  =  69'59  ;  H  =  7'28. 
C8H10O2  requires  C  =  69'56;  H  ==  7*24  per  cent. 

This  ether  is  a  colourless,  thick,  oily  liquid,  insoluble  in  water,  but 
readily  soluble  in  ether  or  alcohol. 

P-Chlorethyl  Phenyl  Ether,  C6H6-OCH2-CHaCl. 

This  has  already  been  obtained  by  Henry  (Bull.  Soc.  Chim.,  1883, 
40,  323)  by  treating  potassium  phenoxide  with  ethylene  chloro- 
bromide ;  in  preparing  large  quantities  of  this  compound  we  operated 
as  follows. 

To  an  alcoholic  solution  of  sodium  phenoxide  (1  mol.)  ethylene 
chlorobromide  (1  mol.)  was  added,  and  the  mixture  heated  on  the 
water  bath  in  a  reflux  apparatus ;  sodium  bromide  immediately  began 
to  separate,  and  after  about  two  hours  boiling  the  mixture  was 
neutral.  The  alcohol  was  now  distilled  off,  water  added,  and  the 
product  extracted  with  ether;  the  ethereal  solution,  washed  with 
caustic  soda  to  remove  phenol,  and  afterwards  with  water,  was  dried 
over  calcium  chloride,  evaporated,  and  the  residue  distilled.  The 
chief  portion  boiled  between  210  and  230°,  but  there  was  a  considerable 
residue,  which  solidified  after  a  time,  and  consisted  of  ethylene  di- 
phenyl  ether  (see  p.  166)  ;  on  redistilling  the  fraction  210 — 230°,  it 
was  found  that  it  boiled  at  220°,  and  on  standing  some  time  nearly  the 
whole  of  the  distillate  solidified  to  a  beautiful  white,  crystalline  mass, 
melting  at  28°. 

0-2501  gave  0-2305  AgCl.     Cl  =  22-8. 

C8H9OC1  requires  Cl  =  22' 75  per  cent. 

The  crystals  are  very  readily  soluble  in  light  petroleum,  benzene, 
and  alcohol.  Henry  (Zoc.  cit.)  gives  the  melting  and  boiling  points 
of  this  substance  at  25°  and  221°  (754  mm.)  respectively. 

p-Bromethyl  Phenyl  Ether,  C6H6-OCH2-CH2Br. 

This  substance  is  prepared  in  a  manner  exactly  similar  to  the 
chlorinated  derivative,  using  ethylene  dibromide  in  place  of  ethylene 
chlorobromide.  During  the  operation,  large  quantities  of  vinylic  bro- 
mide, formed  from  the  ethylene  dibromide  by  the  removal  of  hydrogen 
bromide  by  the  sodium  phenoxide,  issue  from  the  condenser,  and, 
owing  to  this  secondary  action,  large  quantities  of  unchanged  phenol 
are  found  in  the  product  ;  as  this  interferes  considerably  with  the 
fractionation  of  the  product  if  it  is  not  entirely  removed,  care 
must  be  taken  to  wash  the  ethereal  solution  repeatedly  with  dilute 
soda,  until  it  is  quite  free  from  phenol.  The  product  is  then  frac- 
tionated under  diminished  pressure,  as  the  bromide  decomposes  if 
distilled  under  the  ordinary  pressure.  The  fraction  distilling  at 
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140—150°  (at  40  mm.)  is  collected ;  the  residue  which  solidifies  is 
described  later.  On  redistillation,  the  bromide  boiled  almost  con- 
stantly at  144°  (at  40  mm.),  and  gave  the  following  numbers  on 
analysis. 

0-212  i  gave  01991  AgBr.     Br  =  39'89. 

C8H9OBr  requires  Br  =  39'8  per  cent. 

P-Bromethyl  phenyl  ether  is  a  white,  crystalline  substance,  melting 
at  35°.  It  possesses  in  a  very  high  degree  the  property  of  superfusion, 
a  pure  sample  having  been  kept  liquid  in  a  bottle  for  several  weeks ; 
on  removing  the  stopper  the  whole  solidified  with  considerable  evolu- 
tion of  heat.  The  yield  of  bromide  obtained  by  the  above  method  is 
about  20  per  cent,  of  the  theoretical. 

/3-Bromethyl  phenyl  ether  was  first  prepared  by  Weddige  («7.  pr. 
Chem.,  1881,  [2],  24,  242),  by  the  action  of  ethylene  bromide  on 
sodium  phenoxide,  but  the  details  of  the  preparation  and  purifica- 
tion as  given  by  him  are  troublesome ;  after  many  experiments  the 
above  method  of  procedure  was  found  to  be  the  most  convenient. 
According  to  Weddige,  the  ether  melts  at  39°,  and  distils  at  240 — 250°, 
undergoing  decomposition  and  evolving  hydrogen  bromide. 

Ethylene  Diphenyl  Ether,  C6H5-0-CH2-CH2-OC6H5. 

The  residue  left  after  distillation  of  the  /3-brom-  (or  /3-chlor-)  ethyl 
phenyl  ether  solidifies  to  an  almost  colourless  crystalline  mass,  which 
can  be  readily  crystallised  from  light  petroleum  (b.  p.  100 — 120°),  in 
which  it  is  easily  soluble  on  boiling,  but  almost  insoluble  in  the  cold. 
After  repeated  recrystallisation,  the  product  melted  at  96°,  and  gave 
the  following  numbers  on  analysis. 

0-1402  gave  0'4025  C02  and  0*0828  H20.     C  =  78*29. ;  H  =  6'56. 
CUH1403  requires  C  =  78'5  ;  H  =  6'54  per  cent. 

Burr  (Zeit.  fur  Chem.,  1869, 165),  who  first  prepared  this  substance, 
gives  the  melting  point  as  98'50,  whereas  Lipmann  (Zeit.  fur  Chem., 
1869,  447)  states  that  it  melts  at  95°. 

Action  of  Methylene  Chloride  and  Methylene  Iodide  on  Sodium  Phen- 
oxide. 

Methylene  Diphenyl  Ether,  C6H6-OCH2-OC6H5. 

These  experiments  were  instituted  in  the  hope  of  obtaining  chloro- 
methyl  phenyl  ether  and  iodomethyl  phenyl  ether,  substances  which 
were  required  for  a  series  of  synthetical  experiments. 

Methylene  iodide,  CH2I2,  and  methyl ene  chloride,  CH2C13,  were 
treated  with  sodium  phenoxide,  in  proportions  theoretically  required 
to  form  C6H5-OCH2I  and  C6H6-OCH2C1.  In  the  former  case,  the 
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mixture  was  heated  on  the  water  bath  in  a  reflux  apparatus,  but  when 
the  chloride  was  used  the  mixture  was  heated  in  soda-water  bottles 
in  boiling  water  for  five  hours ;  the  product  was  isolated  exactly  as 
described  in  the  case  of  the  preparation  of  /3-brometbyl  phenyl  ether 
from  ethylene  dibromide.  In  the  present  case,  however,  the  sodium, 
phenoxide,  curiously  enough,  acts  on  one  half  of  the  iodide  or  chloride 
only,  and  leaves  the  other  half  unchanged  ;  methylene  diphenyl  ether 
being  the  sole  product  of  the  action.  This  compound  is  a  colour- 
less, syrupy  liquid  boiling  at  205°,  under  a  pressure  of  50  mm.  When 
cooled  to  0°  it  solidifies  to  a  colourless,  crystalline  mass,  which  melts 
at  about  15°.  The  following  numbers  were  obtained  on  analysis. 

0-1187  gave  0-3377  C02  and  0-0715  H20.     C  =  77'59;  H  =  6-69. 

0-1523    „      0-4334    „       „    0-0810     „        C  =  77'61 ;  H  =  5-91. 

C13H1202  requires  C  =  78'00 ;  H  =  6'00  per  cent. 

Attempts  were  subsequently  made  to  obtain  CeBvO'CH^Br  from 
the  compound  just  described  by  treating  it  with  hydrogen  bromide 
under  various  conditions,  but  in  this  we  were  unsuccessful,  as,  even 
when  we  used  the  theoretical  quantity  of  hydrogen  bromide  dissolved 
in  acetic  acid,  one-half  was  converted  into  methylene  dibromide  and 
the  other  half  remained  unchanged. 

Methylene  diphenyl  ether  has  been  described  by  Henry  {Ann.  Chim. 
Phys.y  1883,  [5],  30,  269)  and  by  Arnhold  (Annalen,  1887,  240,  201) 
as  a  liquid  boiling  at  293—295°. 

y-Phenoxyethylmalonic  acid,  C6H50-CH2«CH2-CH(COOH)2. 

This  substance  is  easily  prepared  as  follows  : — Ethylic  malonate 
(13  grams)  is  added  to  sodium  (2  grams)  dissolved  in  alcohol  (25 
grams),  and  the  mixture  treated  with  /3-bromethyl  phenyl  ether 
(14  grams).  The  whole  is  then  heated  on  the  water  bath  in  a 
reflux  apparatus  till  neutral,  after  which  it  is  cooled,  diluted  with 
water,  and  the  oil  which  separates  extracted  with  ether ;  the  ether 
is  evaporated,  and  the  light  yellow,  oily  residue  hydrolysed  by  boiling 
with  alcoholic  potash  (14  grams)  for  two  hours.  The  alkaline  solu- 
tion is  evaporated  with  water  until  all  the  alcohol  has  been  expelled, 
and  is  then  acidified  and  extracted  with  ether ;  the  ethereal  solution 
is  dried  over  calcium  chloride,  the  ether  boiled  off,  and  the  resulting 
oil  poured  into  a  basin  when  it  quickly  solidifies.  Finally  the  sub- 
stance is  purified  by  crystallisation  from  xylene  from  which  it 
separates  in  minute  needles  melting  at  about  142°  with  slight  evolu- 
tion of  gas. 

Analyses. 

0-1168  gave  0  2520  C02  and  0'0586  H20.     C  =  58'84  ;  H  =  5'39. 
C6H50-CH2-CH2-CH(COOH)2  requires  C  =  5893;  H  =  5'35. 
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^-Phenoxyethylmalonic  acid  is  sparingly  soluble  in  cold,  readily  in 
hot  water  ;  it  is  very  sparingly  soluble  in  benzene,  and  almost  in- 
soluble in  light  petroleum,  but  it  dissolves  very  easily  in  alcohol  and 
ethylic  acetate,  and  is  fairly  soluble  in  ether. 

^{-Phenoxybutyric  acid  (~j-Phenoxyethylacetic  acid}, 
C6H50-CH2-CHa-CH2-COOH. 

This  acid  was  readily  obtained  on  heating  7-phenoxyethylmalonic 
acid  at  150  —  160°  until  the  rapid  evolution  of  carbon  dioxide  had 
slackened,  and  then  finally  raising  the  temperature  to  200°  for  a  few 
minutes  ;  the  residual  syrup,  which  was  of  a  pale  brownish  colour, 
solidified  to  a  hard  mass  on  cooling.  It  was  easily  purified  by  re- 
crystallisation  from  light  petroleum  (b.  p.  100  —  120°),  from  which  it 
separates  in  thin  plates  melting  at  64  —  65°. 

0-1346  gave  0-3282  CO2and  0-0808  H2O.     C  =  66'50  ;  H  =  6'67. 
C6H50-CH2-CH2-CH2-COOH  requires  C  =  66'66  ;  H  =  6'66  percent. 

y-Phenoxybutyric  acid  is  sparingly  soluble  in  cold  water,  easily  in. 
hot,  and,  on  cooling,  separates  in  the  flocculent  condition.  It  is  easily 
soluble  in  benzene,  ethylic  acetate,  alcohol,  and  acetic  acid. 

C»  xi2*C'Jil2*C'  Jj  2 

Butyrolactone,  • 


A  number  of  experiments  were  conducted  with  the  object  of  dis- 
covering the  best  possible  means  of  replacing  the  phenoxy-group  in 
7-phenoxybutyric  acid  by  the  hydroxy-group;  in  this  case  the  7-hy- 
droxybutyric  acid  formed  would  immediately  lose  water,  yielding 
butyrolactone. 

The  following  method  gave  the  best  results.  ^-Phenoxybutyric 
acid  (25  grams)  was  gently  heated  on  the  water  bath  with  fuming 
hydrobromic  acid  (60  c.c.)  in  a  reflux  apparatus  for  about  eight  hours, 
and  afterwards  for  the  same  length  of  time  on  the  sand  bath.  On 
cooling  and  diluting  with  water,  a  heavy  black  oil  separated  which 
was  extracted  with  pure  ether,  and  the  ethereal  solution  washed  with 
water.  The  ethereal  solution  was  then  extracted  several  times  with 
a  strong  solution  of  sodium  carbonate,  the  extracts  boiled  with 
animal  charcoal  for  12  hours,  and  the  liquid  filtered  from  the  animal 
charcoal  ;  the  pink  filtrate,  after  being  evaporated  to  a  small  bulk, 
was  extracted  with  ether  to  remove  phenol,  and  then  acidified  and 
again  extracted  repeatedly  with  pure  ether.  This  ethereal  solution 
was  dried  over  calcium  chloride,  the  ether  removed  by  evaporation, 
and  the  residual  oil  (about  5  grams)  fractionated.  Practically  the 
whole  of  the  oil  distilled  between  201°  and  206°  at  the  atmospheric 
pressure,  and  a  sample  of  the  oil  boiling  at  205°  yielded  the  following 
results  on  analysis. 
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0-1020  gave  0'2090  C02  and  0'0646  H20.     C  =  55'88 ;  H  =  7'03. 

C4H602  requires  C  =  55'81 ;  H  =  6'97  per  cent. 

The  substance  was,  therefore,  evidently  7-butyrolactone,  which, 
according  to  Fittig  and  Boeder  (Annalen,  1885,  227,  22),  boils  at 
206°. 

Diphenoxyethylmalonic  acid,  (C8H50'CH2-CH2)2C(COOH)2. 

This  acid  has  been  prepared  in  considerable  quantities ;  the  method 
we  usually  employed  being  as  follows  : — Ethylic  malonate  (16  grams) 
is  added  to  sodium  (2'3  grams),  dissolved  in  alcohol  (30  grams),  and 
the  mixture  heated  with  /3-bromethyl  phenyl  ether  (20  grams)  on 
the  water  bath  till  neutral ;  the  product  is  then  cooled  and  again 
treated  with  sodium  (2'3  grams),  dissolved  in  alcohol  (30  grams), 
and  /3-bromethyl  phenyl  ether  (20  grams),  and  the  mixture  once  more 
heated  on  the  water  bath  till  neutral.  On  adding  water,  a  heavy  oil 
separates  ;  this  is  extracted  with  ether,  the  ether  removed  by  eva- 
poration, and  the  oily  residue  hydrolysed  by  boiling  with  alcoholic 
potash  (17  grams).  After  removing  the  alcohol  by  evaporation  with 
water,  the  solution  is  acidified,  and  the  copious  white  precipitate  of 
crude  diphenoxyethylmalonic  acid  thus  produced  is  collected,  washed 
with  water,  and  dried  on  a  porous  plate  until  quite  free  from  oily 
impurity.  It  is  then  purified  by  recrystallisation  from  50  per  cent, 
acetic  acid  from  which  it  separates  in  rhombic  prisms  melting  and 
decomposing  at  150°. 

0-1266  gave  0'3098  C02  and  0'0680  H20.     C  =  66'44;  H  =  5'96. 
(C6H50-CH2-CH2)2C(COOH)2  requires  C  =  66'28 ;  H  =  5'81  percent. 

Diphenoxyethylmalonic  acid  is  almost  insoluble  in  cold  water,  very 
slightly  soluble  in  hot  water  or  benzene,  and  almost  insoluble  in  light 
petroleum ;  it  is  moderately  soluble  in  ether,  ethylic  acetate,  and 
alcohol,  and  is  extremely  soluble  in  acetic  acid.  It  is  reprecipitated 
by  water  from  its  alcoholic  and  acetic  acid  solutions. 

Diphenoxyethylacetic  acid,  (C6H50-CH2-CH2)2CB>COOH. 

This  compound  was  prepared  by  heating  diphenoxyethylmalonic 
acid  at  180°  until  carbon  dioxide  ceased  to  be  evolved ;  the  brown, 
syrupy  residue  solidified  completely  on  cooling,  and  was  readily  puri- 
fied by  recrystallisation  from  light  petroleum  (b.  p.  100 — 120°),  from 
which  it  separated  in  feathery  groups,  melting  at  88°. 

0-1054  gave  0'2788  C02  and  0-0625  H20.     C  =  72-14 ;  H  =  6'59. 
(C6H60-CH2-CH2)2CH-COOH  requires  C  =  72'00  ;  H  =  6'66  per  cent. 

Diphenoxyethylacetic  acid  is  insoluble  in  cold,  and  only  sparingly 
soluble  in  hot,  water ;  it  is  sparingly  soluble  in  cold,  light  petroleum, 
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easily  in  the  hot  liquid,  and  very  soluble  in  benzene,  ethylic  acetate, 
alcohol,  and  acetic  acid  ;  its  alcoholic  and  acetic  acid  solutions  yield 
flocculent  precipitates  when  diluted  with  water. 

OTT'OTT  •f  TT 
p-Phenoxyethyl-^-hydroxybutyric  acid,  ^  -g-  Q4Qg*Q7j  ^CH'COOH. 

This  substance  was  obtained  accidentally  in  examining  the  product 
formed  by  heating  a  sample  of  crude  diphenoxyethylacetic  acid  in  a 
sealed  tube  with  a  solution  of  hydrogen  chloride  in  acetic  acid  for 
some  hours  at  about  130°  ;  the  contents  of  the  tube  were  diluted  with 
water,  and  the  dark,  heavy  oil  which  was  precipitated  was  extracted 
with  ether,  the  ethereal  solution  washed  repeatedly  with  water  to 
remove  acetic  acid,  and  the  ether  evaporated.  The  dark,  oily  residue 
was  then  boiled  with  a  strong  solution  of  sodium  carbonate  for 
a  considerable  length  of  time,  in  order  to  remove  chlorine.  The 
alkaline  solution  was  now  extracted  with  ether,  to  remove  phenol, 
acidified,  extracted  with  ether,  and  the  ethereal  solution  dried  with 
calcium  chloride  and  filtered  ;  shortly  afterwards  it  was  observed 
that  crystals  were  separating  from  the  ethereal  solution  ;  these  were 
collected,  washed  with  ether,  dried  on  a  porous  plate,  and  recrystal- 
lised  twice  from  benzene,  in  which  it  dissolves  but  slightly.  It 
crystallises  in  prisms,  which  melt  at  112°,  but  sinter  several  degrees 
below  this  temperature. 

0-1083  gave  0'2578  C02  and  0'0716  H20.     C  =  64'92  ;  H  =  7'35. 

n  S  n'n52'pw'>CH'COOH  requires  C  =  64-28  ;  H  =  714  per  cent. 
' 


When  pure,  this  substance  is  almost  insoluble  in  ether,  very 
sparingly  soluble  in  light  petroleum,  but  moderately  easily  in  water. 

The  silver  salt.  Ci2H15AgO4,  was  prepared  by  precipitating  an 
aqueous  solution  of  the  ammonium  salt  with  silver  nitrate  ;  it  is 
moderately  soluble  in  hot  water,  and  crystallises  on  cooling  in  white 
tufts. 

0-1092  gave  0-0358  Ag.     Ag  =  32-78. 

Ci2H16Ag04  requires  Ag  =  32*63  per  cent. 

With  copper  sulphate  solution,  the  aqueous  solution  of  the  ammo- 
nium salt  gives  a  bluish-  white  precipitate,  which  dissolves  on  boiling, 
and  separates  out  again  on  cooling,  apparently  not  in  the  crystalline 
condition. 

Lead  acetate  solution  gives  no  precipitate  at  first,  but,  on  standing, 
a  white,  crystalline  salt  gradually  separates  ;  this  redissolves  on 
boiling,  and  crystallises  out  again  on  cooling. 

Barium  nitrate  and  calcium  chloride  give  no  precipitate  with  the 
aqueous  solution  of  the  ammonium  salt. 
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Action    of  /3-Bromethyl   Phenyl   Ether   on  the    Sodium   Derivative  of 
Ethylic  Methylmalonate. 

Ethylic  i-Phenoxyethyl-a-Methylmalonate, 
C6H50-CH2-CH2-C(CH3)(COOC2H6)2. 

This  substance  is  obtained  when  the  bromo-  or  chloro-ether, 
C6H6-OCH2-CH2Br  or  C6H5-OCH2-CH2C1  (1  mol.),  reacts  with  the 
sodium  derivative  of  ethylic  methylmalonate  (1  mol.)  in  alcoholic 
solution.  In  the  case  of  the  chloride,  the  action  proceeds  slowly,  six 
hours  boiling  being  required  to  complete  it,  but  in  the  case  of  the 
bromide,  it  sets  in  on  gently  warming,  and  is  so  vigorous  as  to  main- 
tain the  mixture  at  the  boiling  point  for  some  time ;  when  the  decom- 
position is  complete,  water  is  added,  and  the  oily  product  is  extracted 
with  ether.  The  ethereal  solution  is  washed  with  water,  dried  over 
calcium  chloride,  evaporated,  and  the  residual  oil  fractionated  under 
reduced  pressure,  when  the  bulk  of  it  distils  at  230°  (45  mm.)  as  a 
colourless,  thick  oil,  which,  on  analysis,  gave  the  following  numbers. 

0-1392  gave  0'0927  H20  and  0-3318  C02.     C  =  65-01 ;  H  =  7'39. 
C16H2205  requires  C  =  65'3 ;  H  =  7'48  per  cent. 

Ethylic  y-pheuoxy  ethyl- a-methylmalonate  is  a  colourless  syrup,  which, 
even  on  long  standing,  showed  no  signs  of  crystallising. 

During  the  f  ractionation  of  the  crude  product  of  the  action  of  phen- 
oxy  ethyl  bromide  on  ethylic  sodiomethylmalonate,  a  considerable  quan- 
tity of  an  oil  of  low  boiling  point  was  obtained,  which,  on  subsequent 
fractionation  under  the  ordinary  pressure,  was  found  to  contain,  besides 
ethylic  methylmalonate,  a  liquid  free  from  halogen,  and  boiling  at 
about  230°.  In  order  to  free  this  substance  from  ethylic  methyl- 
malonate, it  was  boiled  with  excess  of  alcoholic  potash  for  four  or 
five  hours,  when  a  large  quantity  remained  unsaponified.  Water  was 
added,  the  oil  which  was  precipitated  extracted  with  ether,  the 
ethereal  solution  well  washed  with  water,  dried,  and  evaporated.  The 
oily  residue  thus  obtained,  when  distilled,  boiled  constantly  at  230° 
under  the  ordinary  pressure.  The  analytical  results  agreed  with  the 
formula  C6H5OCH2-CH2-OC2H5. 

0-1502  gave  0-1150  H2O  and  0-3974  CO2.     C  =  72'15;  H  =  8' 50. 
Ci0H1402  requires  C  =  72'28  ;  H  =  8'43  per  cent. 

P-  Ethoxyethyl  phenyl  ether  is  a  colourless,  mobile  oil  of  penetrating 
odour,  resembling  that  of  benzyl  ethyl  ether,  CeHs'CHu'OCaHs. 

<y-Phenoxy ethyl- a-methylmalonic  acid, 
C6H50-CH2-CH2-C(CH3)(COOH)2. 

In  order  to  prepare  this  acid,  ethylic  7-phenoxyethyl-a-methyl 
malonate  (50  grams)  was  boiled  with  alcoholic  potash  (50  grams). 
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There  appeared  to  be  very  little  action  in.  the  cold,  but,  on  gently 
warming,  a  large  quantity  of  an  insoluble  potassium  salt  soon  sepa- 
rated ;  sufficient  water  was  added  to  dissolve  nearly  the  whole  of  this, 
and  the  mixture  boiled  on  the  water  bath  in  a  reflux  apparatus  for 
two  or  three  hours.  Water  was  then  added,  the  alcohol  completely 
removed  by  evaporation  on  the  water  bath,  the  residue  dissolved  in 
water,  cooled,  and  acidified  'with  hydrochloric  acid;  the  crude 
7-phenoxyethyl-a-methylmalonic  acid,  which  then  separated  as  a 
thick,  heavy,  brown  oil,  was  extracted  with  pure  ether,  and  the 
ethereal  solution  dried  over  calcium  chloride  and  evaporated.  After 
standing  overnight  in  a  vacuum  over  sulphuric  acid,  the  oil  solidified 
to  a  hard  crystalline  mass,  which  was  readily  purified  by  recrystalli- 
sation  from  hot  benzene.  The  folio  wing  are  the  results  of  the  analysis 
of  this  substance. 

01312  gave  O0684  H2O  and  0-2920  C02.     C  =  60'69;  H  =  579. 
C12HU05  requires  C  =  6O50  ;  H  =  5'88  per  cent. 

<y-Phenoxyethyl-a-methylmalonic  acid  crystal  Uses  in  colourless  prisms 
which  melt  at  125°  with  decomposition  and  formation  of  7-phenoxy- 
ethyl-a-methylacetic  acid  and  carbon  dioxide.  It  is  sparingly  soluble 
in  cold  water  or  cold  benzene,  and  insoluble  in  light  petroleum,  but 
readily  soluble  in  hot  water,  hot  benzene,  alcohol,  or  ether. 

ry-Phenoxyethyl-a-methylacetic  acid,  C6H5O'CH2-CH2'CH(CH3)-COOH. 

This  substance  was  prepared  by  heating  7-phenoxyethyl-a-methyl- 
malonic acid  at  180°  until  evolution  of  carbon  dioxide  had  entirely 
ceased,  and  then  distilling  the  residual  oil  under  diminished  pressure. 
The  whole  distilled  between  205°  and  210°  (45  mm.),  the  correct  boil- 
ing point  at  this  pressure  being  207°.  A  small  portion  of  the  distil- 
late, which,  on  cooling,  solidified  immediately,  was  recrystallised  from 
light  petroleum  (60 — 90°),  and  thus  •  obtained  in  the  form  of  small, 
colourless  crystals  melting  at  80°. 

0-1745  gave  O'llOO  H2O  and  0'4345  C02.     C  =  67*91 ;  H  =  7'00. 
diHuOs  requires  C  =  68'04 ;  H  =  7'2l  per  cent. 

This  acid  is  readily  soluble  in  alcohol,  ether,  or  benzene,  mode- 
rately so  in  hot  water  and  light  petroleum,  but  only  sparingly  in  the 
two  last-named  solvents  in  the  cold. 

Silver  salt,  C6H5O-CH2-CH2-CH(CH3)'COOAg.— This  was  pre- 
pared by  suspending  the  acid  in  water  and  gradually  adding  ammonia 
until  the  whole  had  dissolved ;  the  solution  was  then  boiled  to  get 
rid  of  the  slight  excess  of  ammonia,  and  silver  nitrate  added  when 
the  solution  was  cold.  The  white,  flocculent  precipitate  thus  ob- 
tained was  collected,  washed  well  with  water,  spread  on  a  porous 
plate,  and  dried  in  a  vacuum  over  sulphuric  acid. 
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0-0910  gave  0'0382  H20  and  0'1456  CO8.     C  =  43'65;  H  =  4'66. 
0-1298     „     0-0467  Ag.     Ag  =  35'98. 
CnH1303Ag  requires  C  =  43'85  ;  H  =  4'32 ;  Ag  =  35'88  per  cent. 

This  silver  salt  is  somewhat  soluble  in  boiling  water,  and  separates 
again,  in  the  amorphous  condition,  on  cooling.  A  neutral  solution  of 
the  ammonium  salt  of  7-phenoxyethyl-a-methylacetic  acid  gives  no 
precipitate  with  barium  or  calcium  salts,  but,  on  adding  lead  acetate, 
a  white,  amorphous  precipitate  is  thrown  down,  which  is  somewhat 
soluble  in  boiling  water.  With  copper  sulphate  a  floccalent  green 
precipitate  is  obtained  insoluble  in  boiling  water. 

Action  of  Bromethyl  Phenyl  Ether  on  Ethylic  Methylacetoacetate. 

This  reaction  was  carried  out  as  follows.  Sodium  (4  grams)  was 
dissolved  in  ethylic  alcohol  (50  grams),  the  solution  cooled,  and  a 
mixture  of  ethylic  methylacetoacetate  (25  grams)  and  bromethyl 
phenyl  ether  (35  grams)  added.  In  the  cold  there  appeared  to  be  no 
action,  but,  on  heating  on  the  water  bath  in  a  reflux  apparatus, 
sodium  bromide  quickly  separated ;  the  mixture,  which,  after  boiling 
for  about  two  hours  was  neutral,  was  poured  into  water,  and  the  oily 
products  extracted  with  ether  in  the  usual  way.  On  distilling  the 
dry  product  under  a  pressure  of  40  mm.  ethylic  methylacetoacetate 
first  passed  over ;  the  thermometer  then  rose  rapidly,  and  at  185° 
almost  the  whole  of  the  new  compound  distilled. 

0-1400  gave  0'0983  H,O  and  0-3473  C02.     C  =  67'64 ;  H  =  7'80. 
CflH50-[CH2]8'C(CH3)(CO-CH3>COOC2H5 requires  C  =  68'lOj  H  = 
7-58  per  cent. 

Ethylic  7-phenoxyethyl-a-methylacetoacetate  is  a  thick,  colourless 
oil  which,  on  hydrolysis  with  strong  alcoholic  potash,  yields  7-phen- 
oxyethyl-a-methylacetic acid. 

Formation  of  a-Methylbutyrolactone  from  <y-Phenoxyethyl-a-methylacetic 

acid. 

7-Phenoxyethyl-a-methylacetic  acid  is  moderately  easily  decom- 
posed by  heating  with  mineral  acids  with  formation  of  a-methyl- 
butyrolactone  ;  the  best  results  being  obtained  as  follows.  The  pure 
acid  is  heated  in  sealed  tubes  with  a  strong  solution  of  hydrogen  bro- 
mide in  glacial  acetic  acid  for  six  hours  at  100° ;  the  contents  of  the 
tubes  are  then  diluted  with  water,  the  products  extracted  with  ether, 
and  after  the  ethereal  extract  has  been  washed  with  water  until  free 
from  acetic  acid,  the  ether  is  distilled  off,  and  the  residue  is  boiled 
with  potassium  carbonate  solution  for  12  hours.  The  phenol  formed 
is  then  removed  by  means  of  ether,  the  aqueous  solution  concentrated 
on  the  water  bath,  and,  after  cooling,  acidified  and  boiled  in  a  reflux 
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apparatus  for  two  hours,  to  convert  the  hydroxy-acid  into  the  lactone. 
The  solution  is  then  repeatedly  extracted  with  pure  ether,  the 
ethereal  solution  dried  over  calcium  chloride,  evaporated,  and  the 
product  distilled.  In  this  way,  a  colourless,  mobile  liquid  is  obtained 
which  boils  constantly  at  201°,  and  is  evidently  identical  with  the 
a-methylbutyrolactone  described  by  Marburg  (Ber.,  1895,  28,  10). 

a,-Methyl-~f-bromobutyric  acid. 

In  order  to  prepare  this  substance,  pure  a-methylbuyrolactone  is 
left  for  24  hours  at  the  ordinary  temperature  in  contact  with  satu- 
rated aqueous  hydrobromic  acid  ;  the  product  is  poured  into  water, 
all  rise  of  temperature  being  carefully  avoided,  and  the  liquid  rapidly 
extracted  with  ether.  After  washing  well  with  water,  the  ethereal 
solution  is  dried  and  evaporated,  when  a  brown,  oily  residue  is  left, 
which  cannot  be  purified  by  distillation,  as  it  decomposes  readily  on 
warming;  for  analysis  it  was,  therefore,  merely  left  over  sulphuric 
acid  in  a  vacuum  for  a  short  time. 

0-2732  gave  0'2840  AgBr.     Br  =  44-04. 

C5H9Br02  requires  Br  =  44' 19  per  cent. 

This  acid  gives  off  hydrogen  bromide  at  ordinary  temperatures, 
very  probably  with  formation  of  a-methylbutyrolactone. 

CH2-CH2-CH-CH3  _    CH2-CH/CH-CH3       HBr 
Br  COOH       r  6—       —CO 

Ethylic  v-Brom-a-methylbutyrate,  CH2Br-CH2-CH(CH3)'COOC2H6.— 
The  impure  ry-brom-a-methylbutyric  acid  obtained  as  described  above 
was  dissolved  in  ethylic  alcohol  and  the  solution  saturated  with  dry 
hydrogen  chloride ;  after  24  hours,  water  was  added,  the  ethereal  salt 
extracted  with  ether,  and  the  ethereal  solution,  after  being  well  washed 
with  water  and  sodium  carbonate  solution,  was  dried  over  calcium 
chloride,  and  evaporated.  In  this  case  also,  the  oily  residue  could  not 
be  distilled,  for  although  it  did  not  give  off  hydrogen  bromide  so 
readily  in  the  cold  as  the  acid  did,  it  decomposed  rapidly  below  its 
boiling  point.  After  standing  in  a  vacuum  over  sulphuric  acid  for 
12  hours,  the  bromine  was  determined. 
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0-2460  gave  O2146  AgBr.     Br  =  37'12. 

C7H1302Br  requires  Br  =  38'27  per 


cent. 


Action  of  Phosphorus  PentacMoride  on  a-Methylbutyrolactone. 

In  order  to  study  this  decomposition,  phosphorus  pentachloride 
(20  grams)  was  gradually  added  to  a-methylbutyrolactone  (10 
grams),  the  mixture  being  well  cooled  with  water  during  the  addi- 
tion. When  all  the  pentachloride  had  been  added,  and  the  whole 
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allowed  to  stand  for  one  hour,  the  action  was  completed  by  heating 
for  one  hour  on  the  water  bath.     On  subsequently  distilling  the  pro- 
duct, phosphorus  oxychloride  passed  over  first,  and  then  the  tempera- 
ture rose  to  189°,  at  which  the  rest  distilled  ;  there  was,  however, 
some  decomposition  accompanied  by  charring  and  evolution  of  hydro- 
gen chloride.     The  analysis  of  the  product  obtained  in  this  way  did 
not  give  very  good  analytical  results,  although  they  indicated  that 
the  substance  was  ry-chlor-a-methylbutyryl  chloride, 
CH2C1-CH2-CH(CH3)-COC1 ; 
this  was  borne  out  by  the  study  of  the  properties  of  the  chloride. 

Anilide  of  <Y-Chlor-(x.-methylbutyric  acid, 
CH2C1-CH2-CH(CH3)-CO-NH-C6H5. 

This  crystalline  substance  is  obtained  when  the  product  of  the 
action  of  phosphorus  pentacbloride  on  a-methylbutyrolactone  is 
slowly  poured  into  aniline,  the  mixture  being  well  cooled  during  the 
addition.  After  standing  for  one  hour,  the  product  is  poured  into 
water,  dilute  hydrochloric  acid  added  until  the  excess  of  aniline  has 
been  removed,  and  the  whole  extracted  with  ether.  The  ethereal 
solution,  after  being  washed  successively  with  dilute  hydrochloric  acid 
and  with  water,  is  evaporated,  and  the  residue  left  in  a  vacuum  over 
sulphuric  acid  until  it  gradually  deposits  crystals.  These  are  freed 
from  oily  mother  liquor  on  a  porous  plate,  and  then  recrystallised 
from  light  petroleum  (b.  p.  100 — 120°).  The  beautiful  white  prisms 
thus  obtained  melt  at  106°. 

0-1155  gave  7'0  c.c.  moist  nitrogen  at  18°  and  753  mm.     N  =  6'96. 
CUHUOC1N  requires  N  =  6'62  per  cent. 
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The  symmetrical  dimethylsuccinic  acids. 
By  WILLIAM  ARTHUR  BONE,  and  WILLIAM  HENRY  PERKIN,  Jun. 

INTRODUCTION. 

IN  1869,  Wislicenus  (Per.,  1869,  2,  720)  described  as  dimethylsuccinic 
acid  a  substance  which  he  had  observed  among  the  products  of  the 
reduction  of  iodopropionic  acid  by  means  of  zinc  dust.  The  substance 
itself  was  a  syrup,  which  only  partially  crystallised  on  long  standing, 
but  it  yielded  a  highly  characteristic  lead  salt,  which,  on  analysis, 
gave  results  corresponding  with  the  empirical  formula  C6H8Pb04. 
Five  years  later,  Weidel  (Annalen,  1874,  173,  109),  by  the  reduc- 


/-ITT  , 

tion   of    pyrocinchonic    acid,          3  II        >0,   by   means   of   sodium 

Cr^'C'CO 

amalgam,  obtained  a  crystalline  acid,  melting  at  170°,  which  could 
be  sublimed,  for  the  most  part  without  change,  and  which  he  termed 
"  hydropyrocinchonic  acid." 

In  1878,  v.  Hardtmuth  (Annalen,  192,  142),  working  under  the 
direction  of  Wislicenus,  studied  the  action  of  methylic  iodide  on  the 
sodium  compound  of  ethylic  /3-methylacetosuccinate  in  benzene  solu- 
tion, and  on  hydrolysing,  by  means  of  alcoholic  potash,  the  ethereal 
salt  thus  formed,  obtained  a  "  dimethylsuccinic  acid"  melting  at  170°. 
The  reactions  involved  in  this  process  may  be  thus  written 

CH3-COONa  -  CH-CH3  CH3-COC(CH3)—  CH-CH3 

COOEt  COOEt  COOEt     COOEt 

+  Nal. 

CH3-CO-C(CH3)-CH-CH3  ,  on  o  _  HC(CH3)-CH-CH3 
COOEt  COOEt  COOH  COOH 

+  CH3-COOH  +  2C2H5-OH. 
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In  1882,  v.  Roser  (Per.,  15,  2012)  obtained  "  hydropyrocinchonic 
acid  "  by  the  reduction  of  pyrocinchonic  acid  by  means  of  hydrogen 
iodide,  and  found  that  it  melted  at  190°.  A  very  similar  result  was 
obtained  by  Weidel  and  Brix  (Monatsh.,  1882,  3,  612),  who,  however, 
used  sodium  amalgam  as  the  reducing  agent ;  the  acid  they  obtained 
crystallised  in  glistening,  triclinic  needles,  melting  at  189°. 

Three  years  later,  Otto  and  Beckurts  (Ser.,  1885,  18,  825)  published 
the  results  of  a  detailed  investigation  on  the  reduction  of  pyrocinchonic 
acid.  When  this  acid  was  reduced  by  hydrogen  iodide  in  sealed  tubes 
at  220°,  two  acids  were  obtained,  which  could  easily  be  separated  by 
fractional  crystallisation  from  water;  the  more  insoluble  acid  melted  at 
193 — 194°,  and  seemed  tobe  identical  with  the  acids  obtained  by  v.  Roser 
and  Weidel  and  Brix  respectively,  whilst  the  other  melted  at  118—120°. 
Quite  different  results  were  obtained  when  sodium  amalgam  was  used 
as  the  reducing  agent ;  in  this  case,  in  addition  to  the  acid  melting 
at  193 — 194°,  there  was  produced  an  isomeric  acid  which  melted  with- 
out decomposition  at  240 — 241°,  whilst  the  acid  melting  at  118 — 120° 
was  not  to  be  found  among  the  products  of  reduction.  This  last 
experiment  gave  results,  therefore,  quite  different  from  that  in  which 
hydrogen  iodide  was  employed  as  the  reducing  agent,  but,  on  repeat- 
ing it,  no  trace  of  the  acid  melting  at  240 — 241°  could  be  detected 
amongst  the  products,  which,  on  the  other  hand,  contained  acids 
melting  at  193—194°  and  118—120°. 

An  examination  of  the  acid  melting  at  193 — 194°  showed  that 
when  it  was  heated  to  200°  it  was  transformed  into  an  anhydride 
melting  at  186 — 187°,  which  dissolved  in  hot  water,  and  yielded, 
not  the  original  acid,  but  the  acid  melting  at  240 — 241°,  which 
they  found  might  be  distilled  without  decomposition.  They  con- 
cluded, therefore,  that  these  acids  stood  to  one  another  in  the  same 
relationship  as  do  fumaric  and  maleic  acids,  and  they  termed  them 
dimethylsuccinic  and  isodimethylsuccinic  acids  respectively.* 

They  found  that  when  the  acid  melting  at  118 — 120°  was  heated  to 
160°,  it  decomposed  with  evolution  of  carbonic  anhydride,  and  con- 
cluded that  it  was  identical  with  the  ethylmethylmalonic  acid  pre- 
pared in  1880  by  Conrad  and  Bischoff  (Annalen,  204,  143,  162), 
which  melt  at  118°. 

*  Otto  and  Beckurts  published  their  paper  in  1885,  two  years  before  Wislicenus 
put  forward  his  views  as  to  the  constitution  of  fumaric  and  maleic  acids.  From 
the  views  then  held  as  to  the  constitution  of  the  last-named  acids,  we  may  infer 
that  Otto  and  Beckurts  would  have  assigned  the  following  constitutions  to  their 

CH3-CH-COOH         CH      CH2-COOH 
3 :  CH3-CH-COOH  '  3\  C-COOH      •    (See  Leuckart,  Ser.,  18,  2334). 

CH/ 
M.  p.  193—194°.         M.  p.  240—241°. 
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In  1886,  Bischoff  and  Rasch  (Annalen,  234,  54)  prepared  a  sym- 
metrical dimethylsuccinic  acid  synthetically  by  three  methods,  which 
may  be  briefly  described  as  follows. 

1.  By  the  action  of  methylic  iodide  on  the  sodium  derivative  of 

ethylic  propenyltricarboxylate,  according  to  the  equation 

CH3-CH-CNa(COOEt)2  +  CH3I  =  CH3-CH-C(CH3)(COOEt)2 
COOEt  COOEt 

The  oil  formed  was  hydrolysed  by  means  of  alcoholic  potash, 
and  the  tricarboxylic  acid  thus  obtained  was  heated  at  160° 
until  the  evolution  of  gas  had  entirely  ceased. 

2.  By  hydrolysis  of  ethylic   dimethylacetosuccinate  (prepared  by 

the  action  of  ethylic  a-bromopropionate  on  the  sodium  deriva- 
tive of  ethyl ic  methylacetoacetate)  by  means  of  alcoholic 
potash. 

3.  By  the  action  of  methylic  iodide  on  the  disodium  derivative  of 

ethylic  acetylenetetracarboxylate,  according  to  the  equation 

CNa(COOEfc)2  _  CH3-C(COOEt)2 

CNa(COOEt)2  CH3-C(COOEt)3' 

The  oil  formed  was  hydrolysed  by  means  of  potassium  hydr- 
oxide, and  the  tetracarboxylic  acid  obtained  was  heated  at 
170°  until  the  evolution  of  gas  had  entirely  ceased. 

They  found  that  the  dimethylsuccinic  acid  obtained  by  either  of 
these  methods  melted  at  187°,  and  that  on  being  heated  to  its  melting 
point  it  lost  water,  and  yielded  an  anhydride  melting  at  87°. 

These  results  were  fully  confirmed  by  Leuckhart  (Ber.,  1885,  18, 
2344),  who  prepared  the  acid  synthetically  from  ethylic  methyl- 
malonate  and  ethylic  a-bromopropionate.  He  found  that  it  melted 
at  188 — 189°,  and  at  that  temperature  was  converted  into  an  anhy- 
dride melting  at  78 — 81°,  which,  with  hot  water,  yielded,  besides  the 
original  acid  melting  at  189°,  an  isomeride  melting  at  121 — 122°. 
The  last-named  acid,  although  it  resembled  in  some  respects,  such  as 
crystalline  form  and  solubility,  the  acid  melting  at  118 — 120°,  obtained 
by  Otto  and  Beckurts  by  the  reduction  of  pyrocinchonic  acid,  differed 
from  it  in  that  it  might  be  distilled  apparently  without  change.  It 
will  be  observed  that  Leuckhart's  results  were  quite  incompatible 
with  those  of  Otto  and  Beckurts  ;  matters  were,  however,  consider- 
ably cleared  up  in  the  following  year,  when  Otto  and  Rossing  pub- 
lished a  remarkable  paper  (Ber.,  1887,  20,  2737),  which  contained  an 
entire  refutation  of  the  conclusions  arrived  at  by  Otto  and  Beckurts 
two  years  previously.  They  now  found  that  their  dimethylsuccinic 
acid  melting  at  193 — 194°  is  not  changed,  on  heating  to  200°,  into  an 

b  2 
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anhydride  melting  at  186 — 187°,  which  with  water  yields  "  iso- 
dimethylsuccinic  acid  "  melting  at  240 — 241°,  bat,  on  the  contrary, 
like  Bischoff's  dimethylsuccinic  acid,  it  was  converted  into  an 
anhydride  melting  at  86 — 87°,  which  with  water  yielded  the  original 
acid  again.  The  acid,  when  treated  with  acetyl  chloride,  was  con- 
verted into  a  mixture  of  two  anhydrides,  one  of  which  melted  at 
86°,  and  the  other  at  38°,  the  last-named,  with  water,  again  yield- 
ing the  original  acid  melting  at  195°. 

Further,  they  found  that  the  acid  melting  at  121°,  which  Otto 
and  Becknrts  had  obtained  by  the  reduction  of  pyrocinchonic  acid, 
did  not  decompose  at  180°  with  evolution  of  carbonic  anhydride,  and, 
therefore,  could  no  longer  be  considered  as  ethylmethylmalonic  acid  ; 
on  the  contrary,  it  was  converted  by  acetyl  chloride  into  an  anhydride 
melting  at  87°,  which  with  water  yielded  a  mixture  of  two  acids 
melting  at  195°  and  121°  respectively.  They  concluded,  therefore, 
that  both  these  acids  were  dimethylsuccinic  acids. 

In  1888,  Zelinsky  (Ber.,  1888,  21,  3160)  prepared  two  symmetrical 
dimethylsuccinic  acids  by  the  hydrolysis  of  aa-dimethylcyanosnc- 
cinate  (obtained  by  the  action  of  potassium  cyanide  on  ethylic  a-bro- 
mopropionate)  by  means  of  concentrated  hydrochloric  acid.  One 
acid  melted  at  192°,  and  was  almost  insoluble  in  cold  water ;  the  other 
melted  at  123 — 124°,  and  was  fairly  soluble  in  water.  Both  acids,  on 
distillation,  were  transformed  into  the  same  anhydride,  melting  at 
87°,  which  dissolved  in  water  yielding  the  lower  melting  acid.  He 
proposed  the  following  constitutional  formula  for  these  acids  : — 

H  CH3 

COOH-C-CH3  H-C-COOH 

H-C-COOH  H-C-COOH 

CH3  CH3 

0-Fumaroid.  M.  p.  192°,  a-Maleinoid.  M.  p.  123°. 

In  1890,  Bisehoff  and  Voit  (Ber.,  1890,  23,  639)  reinvestigated 
these  acids,  their  results  in  the  main  confirming  those  of  Zelinsky. 
The  two  acids  melted  at  194°  (para-acid)  and  120°  (anti-acid)  respec- 
tively. At  temperatures  above  200°,  both  were  converted  into  the 
same  anhydride  melting  at  87°  ;  this  with  water  yielded  a  mix- 
ture of  the  para-  and  anti-acids.  The  para- acid,  however,  when 
heated  with  acetyl  chloride,  was  converted  into  an  anhydride  melting 
at  38°  (see  Otto  and  Rossing),  which  with  water  yielded  the  para-acid 
again.  On  heating  the  anti-acid  with  concentrated  hydrochloric  acid 
at  180 — 190°,  it  was  transformed  into  its  isomeride. 

In  1893,  Crum  Brown  and  Walker  (Annalen,  274,  41)  prepared 
-he  symmetrical  dimethylsuccinic  acids  by  the  electrolysis  of  potas- 
sium ethylic  methylmalonate.  They  found  that  the  para-acid  melted 
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at  193°,  and  that  its  dissociation  constant  was  K  =  0020S,  whereas  the 
anti-acid  melted  at  120 — 121°,  and  had  the  dissociation  constant  K  = 
0-0138. 

The  results  of  previous  workers  are  given  in  tabular  form  on 
p.  258. 

As  the  descriptions  of  the  properties  of  the  acids  obtained  by  various 
experimenters  differ  so  widely,  the  authors  determined  to  carefully 
re-investigate  the  subject,  with  the  results  described  in  this  com- 
munication. 

They  have  prepared  the  symmetrical  dimethylsuccinic  acids  in  two 
ways,  namely  (1),  by  the  hydrolysis  of  ethylic  aa-dimethylcyanosuc- 
cinate  with  concentrated  hydrochloric  acid  (Zelinsky's  method),  and 
(2)  by  the  action  of  ethylic  a-bromopropionate  on  the  sodium  de- 
rivative of  ethylic  methylmalonate,  subsequently  hydrolysing  the 
product  with  alcoholic  potash,  and  then  heating  the  tribasic  acid  thus 
obtained  at  200°  until  the  evolution  of  carbonic  anhydride  had 
entirely  ceased  (Leuckhart's  method).  In  both  cases,  the  authors 
obtained  a  mixture  of  two  symmetrical  dimethylsuccinic  acids,  which 
were  separated  by  fractional  crystallisation  from  water.  The  melting 
points  of  these  acids,  especially  that  of  the  fumaroid  (trans-)  acid, 
differed  materially  from  those  assigned  to  them  by  previous  investi- 
gators. When  pure,  the  fumaroid  (trans-)  acid  melts  at  209°,  and 
with  acetyl  chloride  yields  an  anhydride  melting  at  43°,  which  by  the 
action  of  water  is  reconverted  into  the  trans-acid ;  it  must,  therefore, 
be  the  anhydride  of  this  acid  ;  further,  this  anhydride,  on  prolonged 
heating  with  acetic  anhydride,  is  transformed  into  an  isomeric  an- 
hydride melting  at  88°,  which,  with  water,  yields  the  cis-acid. 

The  maleinoid  (cis-)  acid  melts  at  129°,  and  with  acetyl  chloride 
yields  an  anhydride  melting  at  88°,  which  with  water  is  reconverted 
into  the  original  acid,  and  must,  therefore,  be  the  anhydride  of  the 
c  is-  acid. 

Both  acids,  when  heated  for  a  long  time  at  210°,  or  on  distillation 
under  atmospheric  pressure,  are  converted  into  the  cis-anhydride 
melting  at  88°.  Each  of  the  anhydrides,  when  pure,  yields  with 
water  only  owe  acid  (not  a  mixture  of  acids  as  stated  by  some  previous 
investigators)  ;  that  melting  at  43°  yields  only  the  trans-acid  melting 
at  209°,  whilst  that  melting  at  88°  yields  the  as-acid  melting  at  129°. 

The  authors  have  further  shown  that  the  ci&-acid  is  almost  entirely 
converted  into  the  trans-acid  when  it  is  heated  with  concentrated 
hydrochloric  acid  in  sealed  tubes  at  180°  ;  under  similar  conditions 
only  a  very  small  part  of  the  trans-acid  is  transformed  into  the  cis- 
modification,  by  far  the  greater  portion  of  it  being  recovered  un- 
changed. 

Our  results  maybe  represented  in  tabular  form  as  follows  (p.  259) 
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Fumaro'id  (trans)  acid. 

M.  p.  =  209°. 
Insoluble  in  cold  water. 


Trans-tmliyd  ride 
M.  p.  =  43°. 


Maleinoi'd  (cis)  acid. 
With  cone.  HC1  at  180°. 
^—  M.  p.  =  129°. 

Fairly  soluble  in  cold  water. 


Cis  -anhydride. 
M.  p.  =  88°. 


On  prolonged  heating  with 
acetic  anhydride. 

EXPERIMENTAL  PART. 


PART  I. — A.  Preparation  of  the  Symmetrical  Dimethylsuccinic  acids 
from  Ethylic  xoc-Dimethylcyanosuccinate. 

The  ethylic  aa-dimethylcyanosuccinate  used  in  these  experiments 
was  prepared  by  the  action  of  potassium  cyanide  on  an  alcoholic 
solution  of  ethylic  a-bromopropionate,  according  to  the  method 
described  by  the  authors  in  a  previous  paper  (Trans.,  1895,  67,  420). 
The  first  action  of  potassium  cyanide  on  ethylic  a-bromopropionate 
consists  in  a  replacement  of  the  bromine  by  the  cyanogen  group, 
resulting  in  the  production  of  ethylic  a-cyanopropionate  according 
to  the  equation 

CH3-CHBr-COOEt  +  KCN  =  CH3-CH(CN)-COOEt  +  KBr. 

Subsequently  a  part  of  the  ethylic  a-cyanopropionate  thus  formed 
condenses  with  some  of  the  unchanged  ethylic  a-bromopropionate, 
the  result  being  the  production  of  ethylic  aa-dimethylcyanosuccinate, 
as  follows. 

CH3-CH(CN)-COOEt  +  CH3-CHBr-COOEt  = 

COOEt-C(CH.)(CN)-CH(CH,)-COOEt  +  HBr. 

The  product,  after  distilling  06°  the  alcohol  and  extracting  vrith 
ether  in  the  usual  manner,  consists  of  a  mixture  of  unchanged 
ethylic  a-bromopropionate,  ethylic  a-cyanopropionate,  and  aa-di- 
methylcyanosuccinate,  which  are  separated  by  careful  fractiona- 
tion  under  reduced  pressure  (30 — 40  mm.).  The  ethylic  a-bromo- 
propionate distils  over  between  77°  and  85°,  and  the  ethylic 
a-ryanopropionate  between  103°  and  110°,  whilst  the  dark-coloured 
residue  in  the  distilling  flask  consists  for  the  most  part  of  ethylic 
aa-diinethylcyauosuccinate.  If  the  distillation  be  continued  further, 
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a  large  quantity  of  a  pale  yellow  oil  passes  over  between  170°  and 
200° ;  this  oil  was  twice  fractionated  under  a  pressure  of  80  mm., 
and  the  portion  distilling  between  195°  and  200°  was  employed  for 
the  preparation  of  the  symmetrical  dimetbylsuccinic  acids. 

Hydrolysis  of  the  Oil. — The  oil  was  mixed  with  about  five  or  six 
times  its  bulk  of  concentrated  hydrochloric  acid  in  a  large,  round- 
bottomed  flask,  and  to  the  mixture  glacial  acetic  acid  was  added, 
until  the  oil  just  dissolved.  The  whole  was  then  heated  on  a  sand 
bath  in  a  flask  fitted  with  a  long  glass  tube,  ground  into  the  neck  to 
serve  as  a  reflux  condenser ;  when  a  sample  of  the  liquid  no  longer 
deposited  an  oil  on  being  diluted  with  water,  it  was  allowed  to  cool, 
when  a  large  crop  of  white  crystals  separated,  consisting  for  the 
most  part  of  ammonium  chloride.  The  liquid  was  then  poured  into 
a  large  basin,  and  evaporated  nearly  to  dryness,  first  over  a  bare  flame, 
and  finally  on  a  water  bath  ;  water  was  added  to  the  residue,  and  the 
solution  again  evaporated  down  in  the  water  bath,  this  time  com- 
pletely to  dryness.  In  this  way,  all  the  acetic  acid  and  the  ethylic 
acetate  formed  during  the  hydrolysis  was  got  rid  of.  The  residue  was 
finally  dissolved  in  hot  water,  when,  on  cooling,  the  solution  deposited 
a  greyish- white,  crystalline  mass  of  the  crude  acids  ;  this  was  separated 
from  the  mother  liquor  by  filtration  at  the  pump,  thoroughly  washed 
with  cold  water,  redissolved  in  hot  water,  boiled  with  animal  charcoal, 
and  filtered  while  hot.  The  filtrate,  on  standing,  deposited  a  crop  of 
white  crystals,  which,  after  drying,  melted  at  207 — 208°.  After  another 
recrystallisation  from  hot  water,  the  substance  melted  at  209°.  On 
concentrating  the  filtrate  on  the  water  bath,  a  further  quantity  of  an 
acid  was  obtained  on  cooling  ;  this  acid,  separated  from  the  solution 
by  filtration,  and  recry^tallised,  also  melted  at  209°.  The  filtrate 
was  repeatedly  extracted  with  pure  ether,  the  ethereal  solution 
dried  over  calcium  chloride,  and  the  ether  distilled  off.  The  thick, 
oily  residue,  which  solidified  on  standing,  was  dissolved  in  hot  benzene; 
the  solution  on  cooling  deposited  crystals  melting  between  115°  and 
125°.  These  were  once  more  crystallised  from  hot  benzene,  but  no 
alteration  in  the  melting  point  occurred ;  the  acid  was  then  dissolved 
in  hot,  concentrated,  hydrochloric  acid,  and  on  cooling  this  solution 
crystals  separated  melting  at  128 — 130°;  after  a  second  crystallisa- 
tion from  hot,  concentrated  hydrochloric  acid,  the  substance  melted 
at  129°. 

The  Acid  melting  at  209°  (Tr&ns-dimethylsuccinic  acid). 

This  acid  was  analysed,  with  the  following  results,  which  agree 
well  with  the  empirical  formula  C6Hi004. 
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Found. 

L~  II.  Calculated. 

Carbon......      49'21         49'49  49'32 

Hydrogen....        7'12  6'73  6'85 

Trans-dimethylsuccinic  acid  is  only  very  sparingly  soluble  in  cold, 
but  readily  in  boiling  water.  It  is  almost  insoluble  in  benzene  or 
chloroform,  either  hot  or  cold,  but  is  fairly  soluble  in  alcohol  or 
ether. 

Salts  of  the  Acid. — To  a  neutral  solution  of  the  ammonium  salt  was 
added 

(a.)  Ferric  chloride.     A  reddish-brown  precipitate   of  the   ferric 

salt  was  immediately  thrown  down. 

(6.)  Copper  sulphate.  A  greenish-blue  and  very  gelatinous  pre- 
cipitate was  formed. 

(c.)  Lead  nitrate.     A  heavy,  crystalline  precipitate  of  the  lead  salt 
was   produced ;  this  was  fairly  soluble  in   hot  water,  and 
crystallised  out  again  on  cooling, 
(c?.)  Silver  nitrate.     A  white  precipitate  of   the  silver   salt  was 

formed,  fairly  soluble  in  cold  water. 

(e.)  Calcium  chloride.  When  calcium  chloride  was  added  to  a 
dilute  solution  of  the  ammonium  salt,  no  precipitate  was 
produced  either  in  the  cold,  or  even  on  boiling  for  a  con- 
siderable time.  When,  however,  a  fairly  strong  solution  of  the 
ammonium  salt  was  used,  the  calcium  salt  was  immediately 
precipitated,  even  in  the  cold. 

We  may  here  remark  that  the  lead,  silver,  and  calcium  salts  of  the 
trans-a,cid,  and  especially  the  last-named,  are  decidedly  more  soluble 
than  the  corresponding  salts  of  the  a's-acid. 

The  Acid  melting  at  129°  (Cis-dimethylsuccinic  acid). 
This  acid  was  analysed,  with  the  following  results. 

Found.  Calculated  for  C6H10O4. 

Carbon 49'38  49'32 

Hydrogen  '. 6'88  6'85 

Cis-dimethi/lsuccinic  acid  is  fairly  soluble  in  cold  and  readily  in 
warm  water,  alcohol,  or  ether,  separating  rapidly  from  its  aqueous 
solution  when  this  is  saturated  with  gaseous  hydrogen  chloride. 
It  is  more  soluble  in  warm  benzene  and  chloroform  than  the  isomeric 
trans-acid. 

Its  salts  are  very  similar  to  those  of  the  trans-acid,  but  the  calcium, 
lead,  and  silver  salts  are  much  less  soluble  in  water  than  the  corre- 
sponding salts  of  the  trans-acid. 


262  BONE   AND   PERKIN: 

Separation  of  the  Dimethylsuccinic  Acids  by  means  of  their  Calcium 

Salts. 

The  marked  difference  in  the  solubilities  of  the  calcium  salts  of  the 
cis-  and  tfrcws-dimethylsuccinic  acids  affords  a  very  convenient 
method  of  separating  them,  and  of  obtaining  them  readily  in  a  state 
of  purity.  The  method  employed  by  the  authors  may  be  briefly 
described  as  follows. 

Calcium  chloride  was  added  to  a  cold  dilute  solution  of  the  am- 
monium salts  of  the  two  acids,  when,  after  a  short  time,  a  white 
precipitate  of  the  calcium  salt  of  the  c/s-acid  was  formed  ;  the  whole 
was  then  gently  warmed,  and  the  precipitate  collected  with  the  aid  of 
the  pump,  washed  with  a  little  hot  water,  and  dissolved  in  hot  con- 
centrated hydrochloric  acid.  On  cooling,  crystals  of  the  ci's-acid, 
melting  sharply  at  129°,  were  deposited.  The  nitrate  from  the  first 
crude  precipitate  was  then  concentrated  on  the  water  bath,  and  the 
small  precipitate  which  separated  during  the  operation,  consisting  of 
a  mixture  of  the  calcium  salts,  removed  by  filtration.  On  proceeding 
further  with  the  concentration,  a  very  bulky  precipitate  came  down ; 
this  was  separated  from  the  mother-liquor  with  the  aid  of  the  pump 
and  after  washing  with  cold  water,  was  dissolved  in  hot  concentrated 
hydrochloric  acid.  On  cooling,  colourless  crystals  of  the  trans-acid 
melting  at  204 — 209°  were  deposited;  after  recrystallisation  from 
water  they  melted  at  209°. 

B. — Preparation  of  the  Symmetrical  Dimethylsuccinic  acids  from  Ethylic 
Methylmalonate  and  Ethylic  a-Bromopropionate. 

Forty-four  grams  of  ethylic  methylmalonate  were  mixed  with  a 
cold  solution  of  6  grams  of  sodium  in  75  grams  of  absolute  alcohol 
contained  in  a  flask,  and  45  grams  of  ethylic  a-bromopropionate  were 
carefully  added.  The  mixture  at  once  became  hot,  and  sodium 
bromide  began  to  separate.  On  heating  the  mixture  in  a  water 
bath  in  a  reflux  apparatus  for  two  hours,  it  became  quite  neutral ; 
and  on  pouring  the  contents  of  the  flask  into  water,  a  heavy  oil 
separated.  This  was  extracted  with  ether,  the  ethereal  solution 
washed  with  dilute  sodium  carbonate  solution  and  with  water,  dried 
over  calcium  chloride,  the  ether  distilled  off,  and  the  dark-yellow, 
oily  residue  (60  grams)  hydrolysed  without  further  purification. 

Hydrolysis  of  the  Oil. — The  oil  was  slowly  added  to  about  twice  its 
weight  of  potassium  hydroxide  dissolved  in  alcohol,  and  contained  in 
a  large  flask  ;  there  was  a  considerable  development  of  heat,  so  that 
it  was  necessary  to  cool  the  flask  well  to  prevent  loss  by  frothing  ; 
the  whole  was  then  heated  for  six  hours  in  a  reflux  apparatus  on  the 
water  bath.  A  potassium  salt  soon  separated,  and  after  the  conclusion 
of  the  hydrolysis,  water  was  added  to  the  liquid  until  this  had  dissolved, 
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the  solution  was  poured  into  an  evaporating  basin,  and  concentrated 
on  a  water  bath  until  all  the  alcohol  had  been  driven  off.  The  alka- 
line liquid  was  then  cooled,  carefully  acidified  with  dilute  hydro- 
chloric acid,  and  repeatedly  extracted  with  pure  ether ;  the  ethereal 
solution  was  dried  over  calcium  chloride,  the  ether  driven  off,  and  the 
oil  which  was  left  heated  in  an  oil  bath  at  200°  nntil  the  evolution 
of  carbonic  anhydride  entirely  ceased.  The  oily  residue  was  then 
dissolved  in  hot  water,  the  solution  boiled  with  animal  charcoal,  and 
filtered  whilst  hot ;  on  cooling,  the  filtrate  deposited  a  mass  of  white 
crystals,  which  were  separated  from  the  mother  liquor  by  filtration, 
and  washed  well  with  cold  water.  On  recrystallising  these  from  hot 
concentrated  hydrochloric  acid,  they  melted  at  209°;  a  second  re- 
crystallisation  from  concentrated  hydrochloric  acid  did  not  alter  the 
melting  point.  This  acid  on  analysis  }7ielded  the  following  results. 

Found. 

I.  II.  Calculated  for  C6H10O4. 

Carbon 49'23         49-55  49*32 

Hydrogen 675  6'92  6'85 

and  was  identical  in  all  its  properties  with  the  trans-acid  melting  at 
the  same  temperature  obtained  from  ethylic  aa-dimethylcyano- 
succinate  as  described  in  the  preceding  section. 

The  filtrate,  after  removal  of  the  acid  melting  at  209°  was  con- 
centrated somewhat,  and  then  repeatedly  extracted  with  pure  ether, 
the  ethereal  solution  dried  over  calcium  chloride,  and  the  ether  dis- 
tilled off;  a  small  quantity  of  a  viscous  oil  was  left,  which,  on 
standing,  solidified  almost  entirely.  This  solid  mass  was  ground  up 
and  washed  with  cold  benzene  to  remove  any  oily  matter,  and  the 
residue  recrystallised  from  hob  concentrated  hydrochloric  acid;  in 
this  way  an  acid  was  obtained  melting  at  125 — 127°,  which,  after  a 
second  recrystallisation,  melted  at  129°,  and  was  identical  in  all  its 
properties  with  the  cis-acid  melting  at  130°  obtained  from  ethylic 
aa-dimethylcyanosuccinate.  This  acid  on  analysis  yielded  the  follow- 
ing results. 

Found.  Calculated. 

Carbon... 49'30  49'32 

Hydrogen 6'67  6'85 

The  amount  of  c«s-dimethylsuccinic  acid  obtained  by  the  method 
above  described  is  comparatively  small,  not  more  than  about  one- 
fourth  of  the  weight  of  the  trans-acid  formed  at  the  same  time. 

Behaviour  of  the  Dimethylsuccinic  Acids  on  Prolonged  Heating  with 

Concentrated  Hydrochloric  acid  in  Sealed  Tubes  at  180°. 
1.  About  5  grams  of  the  fo-cws-dimethylsuccinic  acid  (m.  p.   209°) 
were  sealed  up  in  a  tube  with  about  40  c.c.  of  concentrated  hydro- 
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chloric  acid,  and  heated  at  180°  for  eight  hours.  On  cooling,  the 
crystals]  which  had  separated  were  collected,  well  washed  with 
water,  and  dried  at  100°  ;  they  melted  at  200—204°,  and,  after  recry- 
stallisation  from  water,  at  208°.  The  mother  liquor  was  extracted 
with  ether,  the  ethereal  solution  dried  over  calcium  chloride,  and  the 
ether  distilled  off,  when  a  very  small  quantity  of  an  oily  substance 
was  left ;  this  partially  solidified  on  long  standing,  and  the  solid, 
after  drying  on  a  porous  plate,  was  found  to  melt  at  117 — 124°.  It 
probably  consisted  of  the  cis-acid  (m.  p.  129°),  but  the  amount  was 
exceedingly  small,  nearly  the  whole  of  the  trans-acid  being  recovered 
unchanged. 

2.  The  cis-dimethylsuccinic  acid  (m.  p.  129°)  was  heated  in  a  tube 
with  concentrated  hydrochloric  acid  under  pressure,  as  described  in 
the  previous  experiment ;  the  crystals  which  separated  on  cooling 
were  collected,  washed  with  water,  and  dried  at  100°.  They  con- 
sisted of  crude  £nms-dimethylsuccinic  acid  and  melted  between  190° 
and  200°,  and,  after  recrystallisation  from  water,  at  201 — 205°.  The 
mother  liquor  was  extracted  with  pure  ether,  and,  as  in  the  case  of 
the  previous  experiment,  a  very  small  amount  of  the  unchanged  cis~ 
acid  was  obtained. 

Thus  it  is  evident  that,  on  heating  the  trans-acid,  under  pressure 
with  concentrated  hydrochloric  acid  at  180°,  it  is  only  partially  trans- 
formed into  the  ci's-acid,  the  greater  part  of  it  being  unchanged,  and 
that  when  the  cis-acid  is  subjected  to  the  same  treatment,  it  is  for 
the  most  part  converted  into  the  trans-modification. 

PART  II. — THE  ANHYDRIDES  OP  Cis-  AND  Traws-DiMETHYLSucciNic 

ACIDS. 

A.  Behaviour  of  the  Dimethylsuccinic  Acids  on  Prolonged  Heating  at 

210—215°. 

1.  One  gram  of  the  trans-acid  (m.  p.  209°)  was  heated  in  a  test- 
tube  immersed  in  an  oil  bath,  the  temperature  of  which  was  raised 
fairly  rapidly  to  about  170°,  and  afterwards  gradually  to  210°.  At 
about  205°,  the  substance  began  to  sublime  without  melting,  and  con- 
densed on  the  upper  and  cooler  portion  of  the  tube  in  beautiful, 
asymmetric  needles,  which,  after  being  spread  on  a  porous  plate, 
melted  at  195—198°.  When  the  temperature  of  the  bath  had  risen  to 
210 — 211°,  the  substance  melted,  and  water  was  given  off;  the  bath 
was  now  kept  at  210 — 215°  for  half  an  hour,  when  the  evolution  of 
steam  seemed  to  have  ceased  entirely.  As  the  contents  of  the  test- 
tube  solidified  on  cooling,  it  was  broken,  and  the  solid  mass  spread 
on  a  porous  plate  ;  it  was  found  to  melt  roughly  between  65°  and  85°. 
When  treated  in  the  cold  with  a  dilute  solution  of  sodium  carbonate, 
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no  effervescence  could  be  detected,  showing,  therefore,  that  the  acid 
had  been  completely  converted  into  an  anhydride.  It  was  then  dis- 
solved in  pure  ether,  and  the  ether  allowed  to  gradually  evaporate, 
when  beautiful,  colourless  crystals  were  deposited  melting  at  84 — 86°, 
and  identical  with  the  anhydride  prepared  from  the  cis-acid  by  treat- 
ment with  acetyl  chloride.  It  dissolved  readily  in  hot  water,  and 
after  the  solution  had  been  cooled  and  saturated  with  gaseous 
hydrogen  chloride,  the  c&s-acid  separated  in  crystals  melting  at 
126—128°. 

2.  One  gram  of  the  cts-acid  was  subjected  to  the  same  treatment 
as  has  been  described  in  the  previous  experiment ;  at  a  temperature 
rather  above  200°,  water  was  readily  given  off ;  the  crude  product 
solidified  on  cooling,  and  then  melted  between  70°  and  80°.  When 
treated  with  a  cold,  dilute  solution  of  sodium  carbonate,  there  was  no 
evolution  of  carbonic  anhydride,  indicating  that  the  transformation 
into  anhydride  was  complete.  The  solid  mass,  which,  after  recrys- 
tallisation  from  absolute  ether  melted  at  87°,  was  dissolved  in  hot 
water,  the  solution  cooled,  and  saturated  with  gaseous  hydrogen 
chloride,  when  the  as-acid  separated  in  crystals  melting  at  128 — 129°. 

Both  the  dimethylsuccinic  acids,  therefore,  when  heated  at 
210 — 215°,  are  converted  into  the  same  anhydride,  which  must  be  the 
anhydride  of  the  ct's-acid,  as  it  yields  this  acid  when  treated  with 
water. 

B.  Behaviour  of  the  Dimethylsuccinic  acids  on  Distillation  at  the 
Ordinary  Atmospheric  Pressure. 

1.  Two  grams  of  the  trans-acid  were  distilled  in  a  small  flask  into 
which  a  thermometer  was  inserted  ;  a  heavy  liquid  came  over  be- 
tween 230°  and  235°,  which  solidified  on  cooling.     The  solid  mass 
melted  gradually  between  70°  and  82°,  and  when  treated  in  the  cold 
with  a  dilute  solution  of  sodium  carbonate,  a  small  portion  dissolved 
with  effervescence,  and  from  this  solution  a  small  quantity  of  an  acid 
melting  at  about  195°  was  obtained.     The  anhydride,  after  treatment 
with  sodium  carbonate,  and  drying  on    a  porous    plate,  melted  at 
83 — 86°,  which  was  raised  to  88°  by  recrystallisation  from  absolute 
ether.     This  anhydride,  with  water,  yielded  the  a's-acid  melting  at 
127—129°. 

2.  On  distilling  the  cfs-acid  in  the  manner  described  in  the  pre- 
vious experiment,  a  liquid  passed  over  between  230°  and  235°,  which 
completely  solidified  on  standing.     The  solid  mass,  which  melted  be- 
tween 78°  and  85°,  showed  no  signs  of  effervescence  when  treated  in 
the  cold  with  a  dilute  solution  of  sodium  carbonate,  and,  after  re- 
crystallisation  from  absolute   ether,  melted  at  88°.       When  heated 
with  water,  it  yielded  the  original  m-acid  again. 
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Thus,  on  distillation  under  ordinary  pressure,  both  acids  are  con- 
verted into  the  cis-anhydride ;  in  the  case  of  the  trans-acid,  however, 
the  conversion  is  incomplete,  a  portion  of  the  acid  distilling  over 
apparently  unchanged. 

C.  Distillation  of  the  Trans-acid  under  Reduced  Pressure. 

This  experiment  was  undertaken  with  a  view  of  ascertaining 
whether  the  frans-acid  on  distillation  under  reduced  pressure  would 
yield  the  same  anhydride  as  it  did  when  distilled  under  ordinary 
pressure ;  it  was  found,  however,  that  it  sublimed  very  readily  under 
reduced  pressure,  and  apparently  for  the  most  part  unchanged.  The 
sublimate  dissolved  very  readily  in  dilute  sodium  carbonate  with 
effervescence,  but  it  had  no  constant  melting  point ;  a  small  portion 
melted  at  a  temperature  as  low  as  40°,  but  by  far  the  greater  part  of 
it  showed  no  signs  of  melting  until  the  temperature  had  risen  to 
190°,  when  it  gradually  melted  between  190°  and  198°.  It  seems 
probable,  therefore,  that  when  the  acid  is  sublimed  under  these  con- 
ditions it  is  to  a  small  extent  converted  into  an  anhydride,  although 
we  were  unable  to  isolate  a  pure  anhydride  from  the  sublimate. 

D.  Behaviour  of  the  Acids  on  heating  with  Acetyl  Chloride  or  Acetic 

Anhydride. 

1.  About  5  grams  of  the  trans-acid  were  mixed  with  about  7  c.c.  of 
acetyl  chloride,  and  the  whole  gently  heated  in  a  small  reflux  appa- 
ratus for  10  minutes,  until  the  whole  of  the  acid  had  just  dissolved  ;  it 
was  then  placed  in  a  vacuum  over  solid  potash,  when  the  excess  cf 
acetyl  chloride  rapidly  volatilised,  leaving  a  yellowish-white  crystal- 
line mass,  which  was  then  dried  on  a  porous  plate  in  a  vacuum.  The 
crude  product  had  no  constant  melting  point,  part  melted  between 
30°  and  40°,  but  quite  half  of  it  did  not  melt  until  the  tempera- 
ture had  risen  to  160°,  indicating  that  a  considerable  portion  of 
the  original  acid  had  remained  unchanged.  It  was  accordingly 
mixed  with  more  acetyl  chloride,  and  heated  gently  in  a  reflux 
apparatus  on  a  sand  bath  for  half  an  hour ;  the  product,  isolated  as 
described  above,  now  melted  sharply  at  43°,  The  substance  was 
then  heated  for  about  20  minutes  in  a  reflux  apparatus  on  a  sand 
bath  with  acetic  anhydride,  the  excess  of  acetic  anhydride  distilled 
off  under  reduced  pressure,  and  the  liquid  residue  placed  in  a  vacuum 
over  solid  potash,  where,  after  standing  several  days,  it  solidiGed  to 
a  pure  white  mass ;  this  was  spread  out  on  a  porous  plate  and  left  in 
a  vacuum  over  solid  potash,  after  which  it  melted  very  sharply 
at  43°. 

The  substance  was  analysed  with  the  following  results. 


;: 
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Found.  Calculated  for  C6H8O3. 

Carbon 55'82  56'25 

Hydrogen 6'48  6'25 

On  dissolving  tliis  anhydride  in  hot  water,  and  cooling  the  solu- 
tion, white  crystals  separated,  which,  after  drying  on  a  porous  plate, 
melted  at  208°,  and  were  in  all  respects  identical  with  tfrans-dimethyl- 
succinic  acid.  The  substance  melting  at  43°  is,  therefore,  the  anhy- 
dride of  £rcws-dimethylsuccinic  acid. 

2.  Five  grams  of  the  £rems-acid  were  mixed  with  15  grams  of  acetic 
anhydride,  the  whole  heated  on  the  sand  bath  for  three  hours  in  a 
reflux  apparatus,  and  then  frationally  distilled  under  a  pressure  of 
30  mm.  ;    after  the  greater  part  of  the  acetic  anhydride  had  come 
over,  the  temperature   rose  rapidly  to  160°,  when  the  receiver  was 
changed,  and  the  portion  distilling  over  between  160°  and  180°  col- 
lected separately,  and  placed  in  a  vacuum  over  solid  potash.     After 
the  substance  had  become  solid,  the  crystals  were  dried  on  a  porous 
plate  in  a  vacuum,  when  they  melted  between  40°  and  50°,  mostly, 
however,  in  the  neighbourhood  of  43°.     A  portion  of  the  substance 
was  treated  in  the  cold  with  a  dilute  solution  of  sodium  carbonate, 
but  not  the  slightest  effervescence  could  be  detected,  showing  that  no 
free  acid  was  present.     This  anhydride  was  again  heated  with  acetic 
anhydride  for  three  hours,  and  the  treatment    described  above  re- 
peated.    Finally  we  obtained  the  c^-anhydride  melting  at  88°,  which 
with  water  yielded  the  c^s-acid  melting  at  129°. 

From  this  experiment,  it  seemed  probable  that  the  trans-acid,  when 
heated  with  acetic  anhydride,  yields  first  of  all  its  own  anhydride 
(m.  p.  =  43°),  but  that  on  prolonged  heating  with  acetic  anhydride  this 
is  converted  into  the  cis-anhydride  melting  at  88°.  This  conclusion 
was  confirmed  as  follows :  A  small  portion  of  the  ^raws-anhydride 
melting  at  43°,  obtained  in  D  1,  was  heated  for  several  hours  with 
acetic  anhydride  in  a  reflux  apparatus,  the  excess  of  acetic  anhydride 
distilled  off  under  reduced  pressure,  and  the  residual  liquid  placed 
in  a  vacuum  over  solid  potash.  After  several  days,  the  liquid  de- 
posited crystals,  which  when  dried  in  a  vacuum  on  a  porous  plate, 
•were  found  to  melt  at  87 — 88°,  and  with  water  yielded  the  c^s-acid. 

Thus    the    fra^s-anhydride,     on    prolonged    heating   with    acetic 

hydride,  is  converted  into  the  c^s-anhydride. 

3.  Five  grams  of  the  cis-acid  were  heated  with  acetic  anhydride 
three  hours  on  a  sand  bath  in  a  reflux  apparatus,  the  excess  of 

acetic  anhydride  distilled  off  under  reduced  pressure,  and  the  residual 
liquid  placed  in  a  vacuum  over  solid  potash.  On  long  standing,  thq 
liquid  crystallised,  and  the  crystals,  after  drying  on  a  porous  plate, 
melted  at  87°,  and  on  being  dissolved  in  hot  water  yielded  the  cis-acid 
melting  at  128—129°. 
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The  cis -anhydride   (m.    p.  88°)  was  analysed  with  the  following 

results. 

Found.  Calculated  for  C6H8O3. 

Carbon 55'99  56'25 

Hydrogen 6'60  6'25 

4.  The  cts-acid  was  dissolved  in  a  slight  excess  of  acetyl  chloride, 
the  solution  gently  warmed  on  the  sand  bath  in  a  reflux  apparatus 
for  20  minutes,  and  placed  over  solid  potash  in  a  desiccator,  which 
was  then  exhausted  ;  the  acetyl  chloride  was  thus  rapidly  volatilised, 
and  the  residue  crystallised  on  standing.  The  crystals,  after  drying  in 
a  vacuum  on  a  porous  plate,  were  found  to  consist  of  the  cis-anhydride 
melting  at  88°. 

Owens  College,  Manchester. 
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Trimethylsuccinic  and  a«rDimethylglutaric  acids. 

By  WM.  A.  BONE,  M.Sc.,  Ph.D.  (late  Fellow  of  Victoria  University), 
and  W.  H.  PERKIN,  Jan.,  F.R.S. 

Introduction^ 

DURING  the  last  few  years,  there  has  been  considerable  discussion  as 
to  the  conditions  of  formation  and  properties  of  the  isomeric  acids 
which  form  the  subject  matter  of  this  communication,  and  in  spite  of 
a  great  deal  of  experimental  work  it  is  only  quite  recently  that  the 
various  issues  raised  in  the  controversy  have  been  at  all  clearly 
understood. 

In  1889,  Zelinsky  (Ber.,  1889,  22,  2823)  first  obtained  a  mixture 
of  two  isomeric  aai-dimethylglutaric  acids  by  acting  on  the  sodium 
compound  of  ethylic  a-cyanopropionate  with  methylenic  iodide,  and 
then  hydrolysing  the  product  and  heating  the  acids  thus  obtained  to 
200°.  The  reactions  involved  in  this  process  may  be  thus  written. 

2CH,-CNa(OT)-COOEt  +  CH2I2  =  CN-C(CH3)-CH2-C(CH3)-C^ 

COOEt          COOEt 

CN'C(CH3)-CH2-C(CH3)-CN  _  HC(CH3)-CH2-CH(CH3) 

COOEt          COOEt,  COOH  COOH 

-I-  2C2H5-OH  4-  2NH3  +  2CO2. 

He  separated  the  two  isomeric  acids  by  fractional  crystallisation  from 
a  mixture  of  benzene  and  light  petroleum.  The  more  insoluble  acid 
melted  at  128°  and  the  more  soluble  at  102°  to  104°,  but  they  resembled 
each  other  very  closely  in  their  other  properties. 

In  the  following  year,  Bischoff  and  Mintz  (Ber.,  1890,  23,  647) 
described  as  trimethylsuccinic  acid  an  acid  melting  at  105°,  and 
yielding  an  anhydride  melting  between  67°  and  82°,  which  they  had  pre- 
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pared  from  the  product  of  the  action  of  ethylic  a-bromisobutyrate  on  an 
alcoholic  solution  of  the  sodium  compound  of  ethylic  methylmalonate. 
Shortly  afterwards,  Bischoff  (Ber.,  1890,  23,  1464)  repeated 
Zelinsky's  preparation  of  the  aardimethylglutaric  acids,  and  obtained 
an  acid  melting  at  100  —  101°.  He  found  its  dissociation  constant  to 
be  identical  with  that  of  the  "  trimefchylsuccinic  acid  "  prepared  by 
himself  and  Mintz,  namely  K  =  0'0054.  Despite  this  fact,  he  con- 
sidered that  the  latter  was  a  true  trimethylsuccinic  acid,  mainly  on 
account  of  its  method  of  formation,  as  it  was  difficult  to  see  how  any 
acid  other  than  trimethylsuccinic  could  be  formed  in  this  way. 
Auwers  and  Jackson  (Ber.,  1890,  23,  1599)  argued  from  the  small- 
ness  of  its  dissociation  constant  that  Bischoff  was  mistaken  in  calling 
his  acid  "  trimethylsuccinic  acid,"  and  that  it  was  in  reality  a 
dimethylglutaric  acid.  Ostwald  had  shown  that  in  the  substituted 
succinic  acids  the  dissociation  constant  increases  in  value  with 
the  number  of  alkyl  groups,  whereas  the  dissociation  constant  of 
BischofE's  acid  is  actually  below  that  of  snccinic  acid  itself 
(K  =  0'00665).  Further,  the  identity  of  its  dissociation  constant  and 
that  of  Zelinsky's  aa^dimethylglutaric  acid,  and  the  fact  that  when 
treated  with  bromine  according  to  the  Hell-Vollard-Zelinsky  method 
it  yielded  the  anhydride  of  a  dibromo-acid,  and  therefore  contained 
two  a-hydrogen  atoms,  showed  that  in  reality  it  was  a  dimethyl- 
glutaric acid.  To  explain  its  formation  by  the  action  of  ethylic 
a-bromisobutyrate  on  the  sodium  compound  of  ethylic  methyl- 
malonate, Auwers  supposed  that  under  the  conditions  of  the  experi- 
ment the  ethylic  a-bromisobutyrate  loses  hydrogen  bromide  and 
yields  ethylic  methacrylate,  this  then  condenses  with  the  sodium 
compound  of  ethylic'  methylmalonate  forming  the  ethylic  salt  of  a 
tricarboxylic  acid,  which  on  subsequent  hydrolysis  and  heating  of 
the  resulting  acid  to  200°  would  give  ao^-dimethylglutaric  acid.* 
The  reactions  which  are  supposed  to  occur  may  be  thus  expressed. 

™3>CBr-COOEt  =  HBr  +  £j 


CH3-CH(COOEt)2  = 

(COOEt)2C(CH3)-CH2-CH(CH3)-COOEt, 

and  so  on. 

Bischoff  (Ber.,  1891,  24,  1041)  then  admitted  the  correctness  of 
Auwer's  explanation,  but  on  further  investigation  he  showed  that  if 
ethylic  a-bromisobutyrate  and  the  sodium  compound  of  ethylic  methyl- 

*  We  may  here  note  that  a  very  similar  explanation  was  given  by  Hell  of  the 
fact  that  when  ethylic  a-bromisobutyrate  is  treated  with  molecular  silver,  and  the 
product  hydrolysed,  a  mixture  of  tetramethylsuccinic  and  trimethylglutaric  acids 
is  obtained  (Ber.,  1890,  23,  298). 
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malonate  were  allowed  to  interact  in  xylene  at  180°,  instead  of  in 
alcoholic  solution,  a  mixture  of  ethereal  salts  was  obtained  which  on 
hydrolysis  yielded,  besides  the  dime  thy  Iglutaric  acid  melting  at  102° 
to  105°,  a  large  quantity  of  an  isomeric  acid  melting  at  139'5°,  and 
having  a  dissociation  constant  K  =  0  0310,  and  which  he  therefore 
concluded  was  trimethylsuccinic  acid. 

Zelinsky  (Per.,  1891,  24,  459)  next  prepared  trimethylsuccinic 
acid  by  the  action  of  ethylic  a-bromisobutyrate  on  the  sodium  com- 
pound of  ethylic  cyanopropionate  in  alcoholic  solution,  subsequently 
hydrolysing  the  ethylic  cyanotrimethylsuccinate  thus  formed  with 
dilute  sulphuric  acid,  and  then  heating  the  product  at  200°  until 
carbon  dioxide  ceased  to  be  evolved. 

(CH3)2CBr-COOEt  +  CH3-CNa(CN)-COOEt  = 

CN.C(CH3)2.CH-CH3 
COOEt   COOEt    ' 


CH-CHa        4RQ        C(CH3)2-CH-CH3 
COOEt   COOEt  ~  COOH    COOH 

2C2H6-OH  +  NH3  +  C02. 

The  product,  however,  was  in  reality  a  mixture;  and  by  fractional 
crystallisation  from  a  mixture  of  benzene  and  light  petroleum  he 
isolated  two  acids  ;  the  less  soluble  melting  at  140  —  141°  and  having 
a  dissociation  constant  K  =  0*0322  ;  the  more  soluble  melting  at 
100  —  101°  and  having  a  dissociation  constant  K  =  0'0063.  He  main- 
tained that  they  were  both  trimethylsuccinic  acids,  and  that  the  acid 
of  lower  melting  point  was  quite  distinct  from  the  dimethylglutaric 
acid  melting  at  about  the  same  temperature. 

Auwers  (Auwers  and  Kobner,  Ber.,  1891,  24,  1923)  strongly 
dissented  from  Zelinsky's  view  of  the  nature  of  his  acid  of  lower 
melting  point,  and  showed  that  its  chemical  and  physical  properties 
so  closely  resembled  those  of  the  dimethylglutaric  acid  melting  at 
105°  that  the  two  substances  must  be  identical.  Both  acids  when 
treated  with  acetyl  chloride  yielded  the  same  anhydride  melting  at 
95°,  and  this  on  treatment  with  water  gave  an  acid  melting  at  128°, 
identical  with  the  dimethylglutaric  acid  of  higher  melting  point. 
Zelinsky,  however,  was  unconvinced,  and  still  remains  so.  Of  course 
the  formation  of  dimethylglutaric  acid  from  ethylic  cyanopropionate 
and  ethylic  bromisobutyrate  is  readily  understood  if  it  be  assumed 
that  the  reaction  takes  place  in  a  similar  way  to  that  by  which 
Bischoff  obtained  dimethylglutaric  acid  from  ethylic  methylmalonate 
and  ethylic  a-bromisobutyrate  (see  p.  417). 

In  1893,  Koenigs  (Ber.,  1893,  26,  2337),  by  the  oxidation  of  cam- 
phoric acid  with  chromic  acid,  obtained  a  trimethylsuccinic  acid,  which 
melted  at  139  —  140°,  and  was  in  all  respects  identical  with  Bischoifs 
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synthetical  trimethylsuccinic  acid.  In  the  same  year,  Helle  (Inaug. 
Diss.,  Bonn,  1893),  by  the  dry  distillation  of  camphoronic  acid,  obtained 
a  trimetliylsuccinic  acid  melting  at  131°,  which,  with  acetyl  chloride, 
yielded  an  anhydride  melting  at  31° ;  this  acid  he  also  considered  was 
identical  with  the  trimethylsuccinic  acid  prepared  synthetically  by 
Bischoff. 

Early  last  year,  the  authors  were  desirous  of  preparing  trimethyl- 
succinic acid  in  considerable  quantity,  and  on  studying  the  literature 
of  the  subject  with  the  view  of  finding  the  best  method  of  preparation, 
they  found  such  a  confused  mass  of  experimental  data,  that  it  was 
very  difficult  to  form  any  opinion,  in  the  matter,  as  the  following  acids 
had  all  been  described  as  "trimethylsuccinic  acid." 

Melting  point.  K.                                 Authority. 

a  x    [  140—141°  0-0322  Zelinsky. 

1139—140  0-0310  Bischoff,  Koenigs. 

(2.)          131  Helle. 

(3.)       100—101  00063  Zelinsky. 

Now,  although  Helle  considered  his  acid  to  be  identical  with  that 
prepared  by  Bischoff  and  Koenigs,  the  difference  in  the  melting 
points  tended  to  throw  some  doubt  on  his  view,  especially  as  he  had 
obtained  his  acid  so  pure  as  to  be  able  to  subject  it  to  a  detailed 
crystallographic  study.  Even  supposing  the  two  acids  were  really 
identical,  there  still  remained  Zelinsky's  acid  of  lower  melting  point 
to  be  accounted  for.  Trimethylsuccinic  acid  contains  one  asymmetric 
carbon  atom,  and  therefore,  according  to  the  van't  Hoff-Le  Bel 
theory,  it  should  only  exist  in  one  inactive  form.  If  there  are,  as 
Zelinsky  contends,  two  inactive  modifications,  then  the  theory  in 
question  is  inadequate  to  explain  the  facts  ;  the  case  being  a  crucial 
one,  the  authors  decided  to  subject  it  to  a  careful  re-investigation, 
some  of  the  results  of  which  are  detailed  in  this  paper. 

Quite  recently,  February  1895,  Auwers  (Ber.,  28,  623)  published  a 
preliminary  notice  of  some  further  work  on  the  subject.  On  pre- 
paring trimethylsuccinic  acid  by  every  known  method,  he  finds  that 
it  exists  in  one  form  only,  melting  at  147°,  and  yielding  an  anhydride 
which  melts  at  31°.  He  also  brings  further  evidence  against  the  view 
that  Zelinsky's  acid  of  lower  melting  point  is  a  trimethylsuccinic 
acid,  and  finds  that  it  is  really  a  mixture  of  two  aaj-dimethylglutaric 
acids  in  molecular  proportion,  the  one  melting  at  126°  (ci's),  and  the 
other  at  140 — 141°  (trans).  The  results  of  our  experiments  may  be 
summarised  as  follows. 

We  have  prepared  trimethylsuccinic  acid  in  quantity  by  two  quite 
different  methods,  namely,  the  action  of  ethylic  a-cyanopropionate  on 
ethylic  a-bromisobutyrate  (Zelinsky's  method),  and  by  the  action  of 
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ethylic  a-bromisobutyrate  on  ethylic  sodiomethylmalonate  at  180°  in 
xylene  solution  (Bischoff's  method),  and  find  that  it  undoubtedly  only 
exists  in  one  form,  which  melts  at  152°  (Auwers  gives  147 — 148°),  and 
yields  an  anhydride  melting  at  38'5°  (Auwers  gives  31°).  Thus  we 
are  able  to  confirm  Auwers'  views  as  to  the  nature  of  this  acid ;  with 
regard  to  the  isomeric  aa^dimethylglutaric  acids,  the  authors  have 
isolated  two,  one  melting  at  128°  (cis-),  and  the  other  at  105°  to 
107°.  Both  these  acids,  on  heating  with  acetic  anhydride,  yield  the 
same  anhydride,  melting  at  93°  to  94°,  which,  with  water,  yields 
the  cis-acid,  melting  at  128°  again.  The  authors  are  engaged  in  an 
examination  of  the  105°  acid,  which  is  not  yet  complete  enough  for 
publication ;  up  to  the  present,  however,  their  results  are  not  in  agree- 
ment with  those  of  Auwers. 

During  the  course  of  their  experiments,  the  authors  have  isolated 
ethylic  a/3-dicyanopropionate,  CH2(CN)-CH(CN)-COOEt,  a  substance 
which  crystallises  in  needles  melting  at  118°,  and  also  trimethylcyano- 
propionic  acid,  CH3-CH(OT)-C(CH3)a'COOH,  an  interesting  acid 
which  crystallises  in  colourless  needles  melting  at  126°,  and,  on  treat- 
ment with  acetic  anhydride,  yields  a  beautifully  crystalline  acetyl 
derivative,  CH3-C(CO-CH3)(CN)-C(CH3)2-COOH,  melting  at  67°. 
The  authors  are  engaged  in  further  work  on  these  acids,  the  results 
of  which  they  reserve  for  a  future  communication. 


EXPERIMENTAL  PART. 
Preparation  of  Ethylic  a-Cyanopropionate,  CH3-CH(CN)-COOEt. 

The  ethylic  a-cyanopropionate  required  for  this  investigation  was 
prepared  by  the  action  of  potassium  cyanide  on  an  alcoholic  solution 
of  ethylic  a-bromopropionate.  This  reaction  was  first  employed  b}T 
Zelinsky  (Ber.,  1888,  21,  3162),  who  allowed  the  substances  in 
question  to  interact  on  a  water  bath  at  the  ordinary  pressure.  The 
yield  of  ethylic  a-cyanopropionate  was  very  unsatisfactory,  as  the 
product  of  the  action  contained  not  only  a  considerable  quantity  of 
unchanged  ethylic  a-broinopropionate,  but  also  a  large  amount  of 
ethylic  dimethylcyanoBuccinate,  the  latter  being  formed  by  the  con- 
densation of  some  of  -the  ethylic  a-cyanopropionate  with  the  unchanged 
ethylic  a-bromopropionate,  as  follows. 

CH3-CH(CN)-COOEt  +  CH3-CHBr-COOEt  = 

COOEfC(CH3)(CN)-CH(CH3)-COOEt  +  HBr. 

Thus,  from  258  grams  of  ethylic  a-bromopropionate,  he  obtained 
45  grams  of  unchanged  substance,  only  27  grams  of  ethylic  a-cyano- 
propionate, and  no  less  than  64  grams  of  ethylic  dimethylcyano- 
succiuate. 
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The  authors  set  to  work  to  see  whether  by  modifying  the  conditions 
of  the  experiment  they  could  not  improve  the  yield  of  ethylic  a-cyano- 
propionate, and  ultimately  found  that  by  working  under  pressure  a 
much  better  result  could  be  obtained.  The  method  they  finally 
adopted  is  as  follows. 

Fifty  grams  of  finely-powdered  potassium  cyanide  are  added  to  a 
mixture  of  100  grams  of  ethylic  a-bromopropionate  and  50  grams  of 
absolute  alcohol  contained  in  a  dry  soda-water  bottle ;  the  bottle  is 
then  tightly  corked  and  heated  for  six  to  eight  hours  at  100°  in  a 
water  bath.  It  is  found  convenient  to  heat  five  or  six  such  bottles  at 
one  time.  The  contents  of  the  bottles,  which  are  yellowish-brown 
(and  in  some  cases  dark  brown),  and  smell  strongly  of  hydrogen 
cyanide,  are  now  filtered  at  the  pump,  and  the  residual  potassium 
cyanide  and  bromide  washed  with  a  little  alcohol.  As  much  of 
the  alcohol  as  possible  is  distilled  off  from  the  filtrate  on  the  water 
bath,  and  the  residue  poured  into  water,  when  a  reddish-brown  oil 
separates  ;  this  is  extracted  with  ether,  the  ethereal  solution,  after 
being  well  washed  with  water  and  dilute  sodium  carbonate  solution, 
is  dried  over  calcium  chloride,  and  the  ether  distilled  off.  The 
residual  reddish  oil  consists  principally  of  three  substances,  namely, 
ethylic  a-bromopropionate,  ethylic  a-cyanopropionate,  and  ethylic 
dimethylcyanosuccinate ;  these  may  be  separated  by  careful  f rac- 
tionation,  which  is  best  effected  under  reduced  pressure,  using  a 
fractionating  column  and  a  water  condenser.  Under  a  pressure  of 
30 — 40  mm.,  the  unchanged  ethylic  a-bromopropionate  distils  for  the 
most  part  between  77°  and  85°,  and  then,  if  the  fractionation  has 
been  carefully  conducted,  the  thermometer  rises  somewhat  rapidly  to 
103°,  between  which  temperature  and  110°  ethylic  a-cyanopropionate 
passes  over  as  a  colourless  oil.  It  is  well  to  interrupt  the  process  at 
this  juncture,  and  to  continue  the  fractionation  in  an  ordinary  distil- 
ling flask  without  a  column.  The  thermometer  now  rises  very 
rapidly,  and  at  a  temperature  of  195 — 200°,  under  80  mm.,  ethylic 
dimethylcyanosuccinate  passes  over  as  a  pale  yellow  oil ;  if  this  be 
very  rapidly  cooled,  a  small  quantity  of  a  beautifully  crystalline  solid 
separates  out  on  the  sides  of  the  condenser,  the  investigation  of 
which  is  described  in  the  succeeding  paragraph.  The  following  table 
gives  the  quantities  of  the  three  principal  products  obtained  by  the 
modified  process  (from  100  grams  of  ethylic  a-bromopropionate 
used)  as  compared  with  those  got  on  employing  the  earlier  method  of 
Zelinsky. 

New.  Old. 

Unchanged  ethylic  a-bromopropionate 28  33 

Ethylic  a-cyanopropionate 20  12 

Ethylic  aa-dimethylcyanosucyiuatc 10  7 


TRIMETHYLSUCCINIC   AND   aarDIMETHYLGLUTARIC   ACIDS.      422 

Ethylic  Dicyanopropionate,  CH2(CN)-CH(CN)-COOEt. 

This  substance  is  only  formed  in  very  small  quantities  in  the  fore- 
going experiment,  the  products  of  eight  or  ten  bottles  yielding  only 
some  2  or  3  grams;  it  is  deposited  on  the  sides  of  the  condenser  in 
light,  white  flakes,  during  the  distillation  of  the  ethylic  dimethyl- 
cyanosuccinate.  It  seems  to  be  rather  soluble  in  ethylic  dimethyl- 
cyanosuccinate,  and  the  more  rapidly  the  vapour  of  the  latter  is 
condensed,  the  more  of  this  solid  body  is  obtained  ;  it  is  fairly 
soluble  in  benzene,  and,  although  almost  insoluble  in  cold  light 
petroleum,  it  may  be  crystallised  from  the  hot  solvent  in  beautiful, 
silky,  pale  yellow  needles,  which  melt  at  118°.  On  analysis,  it  yielded 
numbers  closely  agreeing  with  the  empirical  formula  C7H802N"2. 
Carbon.  Hydrogen.  Nitrogen. 

Found 55-00  5'99  18'45  per  cent. 

Calculated...     55'26  5'26  18'42 

A  determination  of  the  molecular  weight  by  Raoult's  method  gave 
the  following  results. 

0'123  gram  substance  dissolved  in  19'00  grams  of  benzene  produced 
a  depression  of  0'215°  in  the  freezing  point. 

.  • .  Molecular  weight  =  147'5.          C7H802N2  =  152. 

We  concluded  that  the  substance  was  ethylic  a/3-dicyanopropionate, 
CH2(CN)-CH(CN)-COOC2-H6,  and  in  confirmation  of  this  view  we 
found  that,  when  boiled  with  concentrated  hydrochloric  acid  for 
some  time,  it  yielded  ammonium  chloride  and  an  acid  which  gave  the 
qualitative  reactions  of  succinic  acid,  which  should  be  formed  according 
to  the  equation 

CH2(CN)-CH(C^)-COOC3H5  +  5H20  =  COOH-CH2-CH2-COOH 

4-  C2H5-OH  +  C02  +  2NH3. 

The  formation  of  this  substance  probably  takes  place  as  follows. 
During  the  bromiration  of  the  propionic  acid,  a  small  quantity  of 
the  bromopropionic  acid  loses  hydrogen  bromide  with  formation 
of  acrylic  acid,  according  to  the  equation  CH3-CHBr-COOH  =  HBr 
+  CH2!CH>COOH.  This  then  combines  with  the  excess  of  bromine 
to  form  a/3-dibrompropionic  acid,  CH2BrfCHBrCOOH,  the  ethereal 
salt  of  which,  when  heated  with  potassium  cyanide,  yields  the  corre- 
sponding dicyano-compound.  Other  cases,  somewhat  similar  to  this, 
have  been  noticed  in  these  laboratories. 

Preparation  of  Ethylic  Trimethylcyanosuccinate, 
COOEt-C(CH3)2-C(CH3)(CN)-COOEt. 

The  method  employed  for  the  preparation  of  this  substance  was 
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essentially  that  proposed  by  Zelinsky  (Ber.,  1891,  24,  468),  and  may 
be  briefly  described  as  follows. 

127  grams  of  ethylic  a-cyanopropionate  are  mixed  with  a  cold 
solution  of  23  grams  of  sodium  in  280  grams  of  absolute  alcohol,  and 
205  grams  of  ethylic  a-bromisobutyrate  carefully  added.  There 
appears  to  be  little  or  no  action  in  the  cold,  but,  on  heating  the 
mixture  on  the  water  bath  in  a  reflux  apparatus,  sodium  bromide 
soon  separates,  and,  after  some  two  hours,  the  solution  becomes  quite 
neutral.  The  contents  of  the  flask  are  then  poured  into  a  large 
volume  of  water,  when  the  ethylic  trimethylcyanosuccinate  separates 
as  a  dark  yellow  oil,  which  is  extracted  with  ether.  The  ethereal 
solution  is  washed  with  water  and  dilute  sodium  carbonate  solution, 
and  dried  over  calcium  chloride ;  the  ether  is  then  distilled  off  and 
the  residual  oil  carefully  fractionated  under  diminished  pressure, 
when  ethylic  trimethylcyanosuccinate  is  obtained,  boiling  at  193 — 195° 
under  a  pressure  of  40  mm.  The  yield  is  nearly  theoretical. 

Hydrolysis  of  the  Ethereal  Salt. 

Zelinsky  (loc.  cit.)  hydrolysed  this  ethereal  salt  by  boiling  it  with 
dilute  sulphuric  acid ;  the  authors,  however,  found  this  method  very 
unsuitable,  as,  after  heating  for  several  days,  a  considerable  amount 
of  oil  still  remained  unchanged.  They  decided  therefore  to  employ 
alcoholic  potash  as  the  hydrolysing  agent,  and  conducted  the  opera- 
tion as  follows. 

The  ethereal  salt  is  slowly  added  to  double  its  weight  of  potassium 
hydroxide  dissolved  in  alcohol,  and  contained  in  a  large  flask ;  the 
addition  is  accompanied  by  a  very  considerable  development  of  heat, 
and  the  flask,  therefore,  must  be  well  cooled  to  prevent  loss  by 
frothing.  A  potassium  salt  separates  ajmost  immediately,  and  the 
contents  of  the  flask  become  quite  pasty,  necessitating  the  addition 
of  more  alcohol.  After  all  the  ethereal  salt  has  been  added,  the 
flask  is  connected  with  a  reflux  condenser  and  heated  for  8 — 10  hours 
in  a  water  bath,  when  a  large  amount  of  ammonia  is  evolved.  The 
contents  of  the  flask  are  then  diluted  with  water  until  the  potassium 
salt  all  dissolves,  the  solution  poured  into  a  large  evaporating 
basin,  and  boiled  vigorously  for  two  or  three  days,  fresh  water  and 
potassium  hydroxide  being  added  at  intervals.  To  completely  hydro- 
lyse  the  ether  is  a  matter  of  considerable  difficulty,  and  we  shall  show 
that,  after  continued  heating  with  potassium  hydroxide  in  the  manner 
just  described  until  the  evolution  of  ammonia  nearly  ceases,  a  very 
fair  quantity  of  the  potassium  salt  of  trimethylcyanopropionic  acid  is 
left  undecc-m posed.  The  alkaline  liquid  is  concentrated  to  a  small 
volume  on  the  \\ater  bath,  cooled,  and  carefully  acidified  with  hydro- 
chloric acid;  it  is  then  repeatedly  extracted  with  pure  ether,  the 
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ethereal  solution  dried  over  calcium  chloride,  the  ether  distilled  off, 
and  the  residual  oil  heated  in  an  oil  bath  at  200°  until  the  evolution 
of  carbonic  anhydride  entirely  censes. 

In  order  to  obtain  the  acids  as  pure  as  possible,  it  is  advisable  to 
distil  the  crude  product  under  reduced  pressure.  Under  a  pressure 
of  100  mm.  the  greater  part  passes  over  between  190°  and  260°  as  a 
colourless,  pungent  oil,  consisting  of  a  mixture  of  the  acids  and  their 
anhydrides. 

Separation  of  the  Acids. — The  anhydrides  are  converted  into  acids 
by  dissolving  them  in  hot  water  and  evaporating  the  solution  to 
dryness  on  the  water  bath ;  on  cooling,  a  solid  mass,  consisting  of  the 
mixed  acids,  is  left  behind,  which  melts  gradually  between  70° 
and  95°.  Zelinsky  endeavoured  to  effect  their  separation  by  fractional 
crystallisation  from  a  mixture  of  benzene  and  light  petroleum,  as 
stated  in  the  introduction  to  this  paper.  The  authors  tried  this 
method,  but  found  that,  although  it  was  possible  to  effect  a  partial 
separation  in  this  way,  none  of  the  fractions  had  a  very  definite 
melting  point;  fractional  crystallisation  from  concentrated  hydro- 
chloric acid  was  then  tried,  but  this  gave  still  less  satisfactory  results. 
Finally,  however,  experiments  on  the  fractional  crystallisation  of  the 
calcium  salts  enabled  the  authors  to  devise  a  good  method  for  iso- 
lating the  pure  acids,  which  is  as  follows.  The  mixture  of  the  acids 
is  dissolved  in  a  small  quantity  of  water,  dilute  ammonia  added  in 
slight  excess,  and,  after  heating  the  ammoniacal  solution  on  the 
water  bath  for  a  short  time,  allowing  it  to  remain  overnight ;  a 
large  crop  of  long,  colourless  needles  of  cyanotrimethylpropionic  acid 
(A)  separates,  and  are  removed  by  filtration.  On  adding  a  little 
more  ammonia  to  the  filtrate  and  again  concentrating,  more  of  the 
needles  are  deposited  on  cooling ;  this  operation  is  repeated  until  no 
more  needles  appear,  even  after  the  liquid  has  stood  several  hours. 
The  clear  liquid  is  now  diluted  in  a  large  beaker  with  a  considerable 
quantity  of  water,  and  mixed  with  an  excess  of  calcium  chloride 
solution.  The  beaker  is  now  placed  on  a  sand  bath  and  its  contents 
boiled  for  about  half  an  hour,  during  which  time  the  insoluble 
calcium  salt  (B)  of  trimethylsuccinic  acid  gradually  separates.  The 
liquid  is  now  filtered  while  still  hot,  with  the  aid  of  the  pump,  and 
the  calcium  salt  remaining  behind  is  rapidly  washed  with  a  little  hot 
water.  If  the  filtrate  is  concentrated  somewhat  on  the  water  bath,  a 
further  quantity  of  the  calcium  salt  separates. 

The  mixed  acids  present  in  the  filtrate  as  calcium  salts  are  re- 
covered by  decomposing  them  with  excess  of  strong  hydrochloric 
acid,  extracting  with  ether,  and  evaporating.  The  hard,  crystalline 
residue,  which  melts  gradually  between  90°  and  115°,  is  dissolved  in 
a  slight  excess  of  dilute  ammonia,  and  the  whole  process  detailed 
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above  is  repeated,  when  more  cyanotrimethylpropionic  acid  and  a 
further  quantity  of  the  insoluble  calcium  salt  of  trimethylsuccinic 
acid  are  obtained.  Finally,  the  filtrate  is  again  concentrated  to  a 
small  volume  on  the  water  bath,  decomposed  by  boiling  with  con- 
centrated hydrochloric  acid,  and  allowed  to  stand  for  some  time, 
when  a  large  crop  of  perfectly  white  crystals  separates ;  these  are 
collected,  and,  after  recrystallisation  from  concentrated  hydrochloric 
acid  and  drying  on  a  porous  plate,  melt  sharply  at  127°.  This 
substance  (C)  proved  to  be  one  of  the  modifications  of  aardimethyl- 
glutan'c  acid,  which  is  much  more  insoluble  in  strong  hydrochloric 
acid  than  the  other  isomeride. 

The  hydrochloric  acid  filtrate  from  this  acid  is  again  extracted 
with  pure  ether,  the  ethereal  solution  dried  over  calcium  chloride, 
and  the  ether  distilled  off,  when  a  solid  acid  is  left,  which  melts 
gradually  between  95°  and  110°.  On  dissolving  this  in  hot  benzene, 
and  allowing  the  solution  to  slowly  evaporate  at  the  temperature  of 
the  room,  crystals  are  gradually  deposited;  when  about  half  the 
benzene  has  volatilised,  the  liquid  is  poured  off,  and  the  acid  is  recrys- 
tallised  from  a  small  quantity  of  hot  benzene,  and  dried  on  a  porous 
plate.  The  crystals  then  melt  at  105°  to  107°. 

As  the  benzene  mother  liquors  still  contain  a  considerable  quantity 
of  acid,  the  benzene  is  distilled  off,  and  the  oily  residue  is  left  for  a 
week  or  two,  when  it  becomes  semi-solid  ;  by  careful  treatment  with 
benzene  more  of  the  acid,  melting  at  105°  to  107°,  may  be  obtained, 
but  after  as  much  as  possible  of  this  has  been  recovered  an  oil  remains 
which  is  excessively  soluble  in  benzene  and  water,  and  does  not 
solidify  even  on  standing  in  a  vacuum  several  weeks  at  a  low  tem- 
perature (below  the  freezing  point  of  water).  This  oil  has  not  yet 
been  investigated. 

In  this  way,  we  have  isolated  from  the  original  mixture  of  acids  the 
four  following  compounds. 

A.  The  colourless  needles. 

B.  An  insoluble  calcium  salt. 

C.  An  acid  melting  at  127°. 

D.  „  „  105°  to  107°. 

We  shall  now  discuss  these  in  detail. 

A.   Trimethylcyanopropionic  acid,  COOH-C(CH3)2-CH(CH3)-CN. 

The  colourless  needles  melted  at  123 — 125°,  but,  after  recrystallisa- 
tion from  hot  concentrated  hydrochloric  acid,  they  melted  sharply 
at  126°.  They  are  sparingly  soluble  in  cold  water  and  in  hydro- 
chloric acid,  but  dissolve  easily  in  these  solvents  on  boiling,  and  sepa- 
rate again  on  cooling.  The  acid  io  fairly  soluble  in  cold  benzene,  but 
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insoluble  in  cold  light  petroleum,  or  in  a  mixture  of  benzene  and 
light  petroleum ;  it  is  very  readily  soluble  in  chloroform  or  alcohol. 

On  analysis  the  following  numbers  were  obtained,  which  agree  well 
with  the  empirical  formula  C7HU02N. 

Carbon.  Hydrogen.  Nitrogen. 

Found 60-01  7*88  10'23,  9'88  per  cent. 

Calculated...      59'58  7'80  9-99 

This  acid  is  an  interesting  substance  in  many  respects.  If  a  solution 
of  its  ammonium  salt  is  heated  on  a  water  bath,  the  salt  decom- 
poses, ammonia  is  evolved,  and,  on  cooling,  the  free  acid  separates. 
Although  the  acid  contains  a  cyanogen  group,  it  may  be  recrystallised 
from  hot  concentrated  hydrochloric  acid  without  decomposition ;  in 
fact,  it  is  only  on  prolonged  heating  with  the  ordinary  hydrolysing 
agents  that  it  is  decomposed. 

The  silver  salt  was  prepared  by  dissolving  the  acid  in  dilute 
ammonia,  gently  warming  the  solution  to  get  rid  of  the  slight  excess 
of  ammonia  present,  and  then  adding  rather  more  than  the  calcu- 
lated quantity  of  silver  nitrate  dissolved  in  water.  No  precipitate 
was  formed,  but,  on  slowly  concentrating  the  solution  in  a  dark  room 
at  a  moderately  low  temperature,  colourless  needles  separated.  These 
were  collected  with  aid  of  the  pump,  quickly  washed  with  cold 
distilled  water,  in  which  they  are  rather  soluble,  and  dried  in  a 
vacuum  over  sulphuric  acid.  The  salt  must  be  kept  in  a  dark  place, 
as  it  is  rather  readily  acted  on  by  light. 

On  analysis  the  following  numbers,  corresponding  with  the  formula 
C7H1002NAg,  were  obtained. 

Silver.  Carbon.  Hydrogen., 

Found 43-90,43-86         33'20        4-1  l*per  cent. 

Calculated...  43'55  33'89         4-03 

Acetyl  Derivative,  COOH-C(CH3)2-C(CH3)(CN)-COCH3.— A  small 
quantity  of  the  acid  was  heated  for  10  hours  with  excess  of  acetic 
anhydride  in  a  small  reflux  apparatus  on  a  sand  bath.  After  the 
excess  of  acetic  anhydride  had  been  distilled  off  under  a  pressure  of 
2UO  mm.,  the  receiver  was  changed,  when  a  colourless  oil  distilled 
over  at  a  temperature  of  240° ;  this,  on  cooling,  solidified  to  a  crystal- 
line mass  melting  at  60 — 63°.  It  is  very  soluble  in  acetic  anhydride, 
but  it  may  be  obtained  in  beautiful  colourless  crystals  by  allowing  an 
acetic  anhydride  solution  slowly  to  concentrate  in  a  vacuum  over 
solid  potash.  It  may  be  recrystallised  from  hot  light  petroleum,  and, 
when  pure,  melts  sharply  at  67°. 

On  analysis,  it  gave  the  following  numbers 
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Carbon.          Hydrogen.  Nitrogen. 

Found   587  7'29  7'89  per  cent. 

Calculated  (C9H1303N)  ...      59-01  7-10  7'65 

On  warming  the  acetyl  derivative  for  a  few  minutes  with  concen- 
trated hydrochloric  acid,  it  dissolves,  and,  on  cooling,  the  solution 
deposits  long  needles  of  the  original  acid,  melting  at  126°. 

The  Constitution  of  the  Acid. — This  was  determined  by  boiling  it  for 
several  nours  in  a  reflux  apparatus  with  concentrated  hydrochloric 
acid ;  on  cooling,  white  crystals  of  trimethylsuccinic  acid  were  de- 
posited, which,  after  recrystallisation,  melted  at  150°  (see  B).  The 
filtrate  was  lound  to  contain  ammonium  chloride.  These  reactions 
show  that  the  acid  has  the  constitutional  formula 
COOH-C(CH3)2-CH(CH3)-CN. 

B.   The  Insoluble  Calcium  Salt  of  Trimetliylsuccinic  acid, 
COOH-C(CH3)2-CH(CH3)-COOH. 

This  calcium  salt  (B)  was  decomposed  by  dissolving  it  in  hot,  strong 
hydrochloric  acid  ;  on  allowing  the  solution  to  cool,  a  mass  of  hard 
greyish-white  crystals  separated,  which,  when  collected  and  dried  on 
a  porous  plate,  melted  at  138  to  142°,  but  on  recrystallisation  from 
concentrated  nydrochloric  acid  the  melting  point  was  raised  to  145°  to 
149°.  To  further  purify  the  acid,  it  was  dissolved  in  hot  water,  a 
slight  excess  of  dilute  ammonia  added,  and  the  acid  again  precipitated 
as  calcium  salt  by  boiling  with  excess  of  calcium  chloride.  The 
calcium  salt  was  collected,  washed  well  with  water,  and  the  acid  again 
regenerated  Dy  boiling  with  concentrated  hydrochloric  acid.  The 
filtered  solution,  on  standing,  deposited  perfectly  white,  hard  crystals, 
which,  after  being  dried  first  on  a  porous  plate  and  then  at  100°, 
melted  sharply  at  151 — 152°.  On  analysis  the  acid  gave  the  following 

numbers  : — 

Calculated  for 
Found.  C7Hi2O4. 

Carbon 52'47  52'50  per  cent. 

Hydrogen 7'23  7'50 

Trimethylsuccinic  acid  is  fairly  soluble  in  cold  water,  but  almost 
insoluble  in  cold  concentrated  hydrochloric  acid.  In  warm  benzene 
it  is  very  readily  soluble,  but  only  sparingly  in  hot,  and  quite  inso- 
luble in  cold  light  petroleum.  It  readily  dissolves  in  alcohol  and 
chloroform. 

Dr.  Walker  has  kindly  determined  the  dissociation  constant  of 
this  acid  for  us.  He  obtained  the  value  K  =  0'0302,  which  agrees 
closely  with  the  number  K  =  0'0304  given  by  Auwers  (Ber.,  1895, 
28,  265). 


TRIMETHYLSUCCINIC   AND   aarDIMETHYLGLUTARIC   ACIDS.      428 

Anhydride  of  TrimetJiylsuccinic  acid. — In  order  to  prepare  this, 
4  grams  of  the  acid  were  heated  on  a  sand  bath  for  six  hours  with 
excess  of  acetic  anhydride  in  a  small  flask,  into  which  a  condensing 
tube  was  ground.  The  contents  of  the  flask  were  then  transferred  to 
a  small  distilling  flask,  and  after  the  excess  of  acetic  anhydride  had 
been  distilled  off  under  a  pressure  of  200  mm.,  the  receiver  was  changed 
and  the  residual  oil  distilled  over.  As  the  colourless  distillate  still 
contained  a  small  quantity  of  acetic  anhydride,  it  was  allowed  to  stand 
on  a  watch-glass  in  a  vacuum  over  solid  potash  for  two  or  three  days  ; 
beautiful  colourless  crystals  gradually  formed,  which,  after  drying  on 
a  porous  plate  in  a  vacuum,  melted  sharply  at  38'5°.  On  analysis,  the 
following  numbers  were  obtained  corresponding  with  those  required 
for  the  anhydride  of  trirnethylsuccinic  acid. 

Calculated  for 
Found.  C7H10O3. 

Carbon 58'79  59'15  per  cent. 

Hydrogen 6'95  7'00 

On  dissolving  a  portion  of  the  anhydride  in  a  little  hot  hydrochloric 
acid,  and  allowing  the  solution  to  cool,  it  deposited  white  crystals  of 
the  original  trimethylsuccinic  acid  melting  at  150°. 

We  may  here  remark  that  in  his  recent  paper  (J5er.,  1895,  28, 
263),  Auwers  describes  this  anhydride  as  melting  at  31°,  which  is  also 
the  same  melting  point  as  that  observed  by  Helle  (Inaug.  Diss.,  Bonn, 
1893).  Neither  of  these  investigators  appear  to  have  obtained  it  quite 
pure. 

The  results  we  have  thus  recorded  show  that  the  acid  from  the 
insoluble  calcium  salt  is  probably  identical  with  the  trimethylsuccinic 
acid  described  by  Zelinsky  as  melting  at  140 — 141°.  It  must  also  be 
the  same  as  the  acid  described  by  Helle  as  melting  at  131°  and 
yielding  a  very  insoluble  calcium  salt  and  an  anhydride  melting  at 
31°  ;  and,  lastly,  the  same  as  the  acid  recently  described  by  Auwers  as 
melting  at  147 — 148°,  and  giving  an  anhydride  melting  at  31°. 

C.  cis-Dimethylglutaric  acid, 
COOH-CH(CH3)-CH2-CH(CH3)-COOH. 

We  were  at  first  'inclined  to  think  that  this  acid  was  the  same  sub- 
stance as  the  needles  melting  at  nearly  the  same  temperature  (see  (A)  ) . 
However,  on  mixing  as  nearly  as  possible  equal  quantities  of  the  two, 
and  making  a  melting-point  determination,  we  found  that  the  mixture 
began  to  melt  at  90°,  and  continued  to  do  so  until  the  thermometer 
rose  to  105°;  this  showed  that  the  two  acids  were  different; 
we  subsequently  found  that  they  yielded  different  compounds  when 
treated  with  acetic  anhydride,  and,  finally,  that  whereas  the  needles 
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contained  nitrogen,  the  other  substance  did  not.  The  acid  appeared 
to  have  the  same  properties  as  the  dimethylglutaric  acid  described  by 
Zelinsky  (Ber.,  1889,  22,  2823)  as  melting  at  128°,  and  the  following 
analytical  results  bore  out  that  conclusion. 

Calculated  for 
Found.  C7H12O4. 

Carbon 5273  52'50  per  cent. 

Hydrogen 7'55  7'55         „ 

It  is  moderately  soluble  in  water,  but  almost  insoluble  in  cold 
concentrated  hydrochloric  acid.  In  benzene  it  is  rather  soluble, 
but  not  so  readily  as  the  acid  D  ;  it  is  insoluble  in  light  petroleum, 
but  readily  soluble  in  alcohol  and  chloroform. 

Anhydride  of  cia- Dimethylglutaric  acid. — A  small  quantity  of  the 
acid  was  heated  with  excess  of  acetic  anhydride  on  a  sand  bath  for 
three  hours  in  a  small  reflux  apparatus ;  the  contents  of  the  flask 
were  then  transferred  to  a  small  distilling  flask,  and  the  excess  of 
acetic  anhydride  distilled  off  under  reduced  pressure  (100  ram.).  The 
receiver  having  then  been  changed,  the  pressure  was  further  reduced 
to  40  mm.,  and  the  distillation  continued,  when  the  anhydride  of  cis- 
dimethylglutaric  acid  passed  over  at  180°  to  185°  as  a_colourless  oil, 
which  solidified  on  cooling.  It  was  recrystallised  from  acetic  anhy- 
dride, and  the  crystals  dried  on  a  porous  plate  in  a  vacuum  over  solid 
potash.  It  melted  sharply  at  93'5°.  On  redissolving  it  in  hot  hydro- 
chloric acid  and  allowing  the  solution  to  cool,  crystals  of  the  original 
acid  were  deposited,  which,  on  drying,  melted  at  128'5°.  This  indi- 
cates that  the  dimethylglutaric  acid  melting  at  128°  is  the  cis-  modifi- 
cation. 

Dr.  Walker  kindly  determined  the  dissociation  constant  of  this 
acid  and  found  K  =  0'Q056. 

D.  The  Acid  melting  at  105°  to  107°. 

This  acid  is  doubtless  identical  with  the  compound  Zelinsky 
obtained  by  the  same  reaction  as  ourselves,  and  which  he  found  melted 
at  100°  to  101°,  and  had  a  dissociation  constant  K  =  O0063  (Ber.,  1891, 
24,  459).  He,  however,  still  maintains  that  it  is  a  trimethylsuccinic 
acid,  whereas  we  shall  show  that  it  must  be  a  dimethylglutaric  acid. 
We  may  here  remark  that  it  is  exceedingly  difficult  to  get  this  sub- 
stance quite  free  from  the  higher  melting  cis-dimethylglutaric  acid, 
and  it  does  not  usually  melt  quite  sharply,  but  this  is  a  point  to 
which  we  shall  have  occasion  to  refer  again.  The  acid  is  readily 
soluble  in  benzene,  but  much  less  so  if  a  little  light  petroleum  be 
added  to  the  solution  ;  in  light  petroleum  itself,  it  is  almost  insoluble. 
It  is  very  soluble  in  water,  but  only  sparingly  in  concentrated  hydro- 
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chloric  acid,  it  is,  however,  rather  more  soluble  in  this  last  named 
liquid  than  cis-dimethylglutaric  acid. 

The  acid  on  analysis  gave  the  following  numbers  : — 

Calculated  for 
Found.  C7H12O4. 

Carbon 52'10  52'50  per  cent. 

Hydrogen 7'34  7'50 

The  dissociation  constant  of  this  acid  determined  by  Dr.  Walker 
is  K  =  0-0057. 

Conversion  into  the  Anhydride. — The  acid  was  heated  with  excess 
of  acetic  anhydride  in  a  reflux  apparatus  for  four  hours  on  a  sand 
bath.  The  acetic  anhydride  was  first  removed  by  distillation  under 
reduced  pressure,  and  then  the  anhydride  of  dimethylglutaric  acid 
passed  over ;  it  is  a  colourless  oil,  which  solidified  to  a  white  mass 
on  cooling,  and,  after  recrystallisation  from  acetic  anhydride,  and 
drying  on  a  porous  plate  in  a  vacuum  over  potash  melted  at  93 — 94°. 

The  crystals,  on  analysis,  gave  the  following  numbers. 

Calculated  for 
Found.  C7Hi0O3. 

Carbon 59'13  59'15  per  cent. 

Hydrogen 6'98  7'00 

The  anhydride  was  converted  into  the  acid  by  dissolving  it  in  hot 
concentrated  hydrochloric  acid,  the  solution  on  standing  depositing 
white  crystals  melting  at  128'5°. 

Thus  it  will  be  seen  that  the  two  acids  described  under  C  and  D, 
melting  at  128'5°  and  105 — 107°  respectively,  yield  the  same  anhy- 
dride, melting  at  93 — 94°,  which  with  water  yields  the  acid  of 
higher  melting  point.  There  can  therefore  be  no  doubt  but  that 
Zelinsky  is  wrong  in  calling  the  acid  (m.  p.  100 — 101°)  which  he 
obtained  a  trimethylsuccinic  acid. 

As  stated  in  the.  introduction  to  this  paper,  Auwers  has  recently 
published  experiments  calling  in  question  the  homogeneous  character 
of  this  acid  (Ber.,  1895,  28,  269).  He  regards  it  as  a  mixture  in 
molecular  proportion  of  the  acid  we  have  described  as  cis-dimethyl- 
glutaric acid,  melting  at  127°,  and  a  new  dimethylglutaric  acid 
(trans-),  melting  at  140°  to  141°.  He  separated  these  acids,  either 
by  means  of  their  calcium  salts  or  by  treatment  with  acetyl  chloride ; 
in  the  latter  case  the  cis-  acid  present  is  readily  converted  into  the 
anhydride  in  the  cold,  whereas  the  trans-  acid  is  unchanged,  acetyl 
chloride  converting  it  into  the  anhydride  only  after  continued  heating 
of  the  mixture  in  a  sealed  tube.  Up  to  the  appearance  of  Auwers' 
last  paper,  the  authors  never  found  anything  which  threw  doubt 
upon  the  homogeneous  nature  of  their  105°  acid.  It  is  true  that  it 
did  not  melt  quite  sharply,  but  this  they  always  thought  was  due  to 
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the  presence  of  a  very  small  amount  of  the  cis-  acid,  the  last  traces 
of  which  are  very  difficult  to  remove.  The  authors  have  done  much 
work  on  this  acid,  which  so  far  has  yielded  some  very  remarkable 
results,  differing  very  materially  from  those  recently  published  by 
Auwers  ;  probably  when  the  latter  publishes  a  more  detailed  account 
of  his  work  the  discrepancies  between  their  results  and  his  will  be 
explained,  but  they  are  subjecting  this  acid  to  a  thorough  examina- 
tion, and  must  reserve  the  results  for  a  future  communication. 

Preparation  of  Trimethylsuccinic  acid  by  Bischoff'' s  Reaction. 

Bischoff  and  Mintz  (Ber.,  1890,  23,  647),  by  the  action  of  ethylic 
a-bromisobutyrate  on  the  sodium  compound  of  ethylic  methylmalo- 
nate  in  alcoholic  solution  at  100°,  and  subsequent  hydrolysis  of  the 
ethereal  salt  produced,  obtained  as  principal  product  an  acid  melt- 
ing at  105°;  this  they  at  first  described  as  trimethylsuccinic 
acid,  but  afterwards  came  to  the  conclusion  that  it  was  a 
dimethylglutaric  acid.  A  little  later  'Bischoff  (Ber.,  1891,  24, 
1041)  found  that  by  conducting  the  reaction  in  xylene  solution 
at  180°  he  obtained,  besides  this  dimethylglutaric  acid,  a  tri- 
methylsuccinic acid  melting  at  139'5°.  Helle  (Inaug.  Diss.,  Bonn, 
1893),  on  repeating  this  synthesis,  obtained  an  acid  melting  at 
131°,  and  yielding  an  anhydride  melting  at  31°.  He  also  found 
the  same  acid  was  formed  by  the  dry  distillation  of  camphoronic 
acid.  The  question  at  once  arises  are  these  acids,  prepared  by 
Bischoff  and  Helle,  identical  with  the  tri methyls uccinic  we  have 
described  already,  and  if  not,  are  they  trimethylsuccinic  acids  at  all  ? 
To  decide  this  point,  we  repeated  their  work,  and  found  that  one  of 
the  acids  formed  melted  at  151°,  and  was  in  all  respects  identical 
with  the  trimethylsuccinic  acid  we  prepared  by  Zelinsky's  method. 

Interaction  of  Ethylic  a-Bromisobutyrate  and  Ethylic  Sodiomethyl- 
malonatein  Xylene  Solution  at  180°. — One  hundred  and  three  grams  of 
ethylic  methylmalonate  were  dissolved  in  150  c.c.  of  xylene  contained 
in  a  round-bottomed  flask,  and  13'3  grams  of  sodium  in  the  form  of 
wire  added  in  two  portions.  The  sodium  gradually  dissolved  in  the 
cold,  but  much  more  rapidly  if  the  flask  was  gently  warmed  on  a 
sand  bath,  and  at  the  same  time  the  sodium  compound  of  ethylic 
methylmalonate  separated  as  a  brownish,  pasty  mass.  As  soon  as 
the  sodium  had  completely  disappeared,  the  flask  was  cooled, 
106  grams  of  ethylic  a-bromisobutyrate  were  carefully  added,  and 
the  whole  boiled  in  a  reflux  apparatus  in  an  oil  bath  for  two  days. 
As  soon  as  the  mixture  had  acquired  a  7ieutral  reaction,  it  was  poured 
into  water,  and  the  oily  layer  which  separated  mixed  with  ether ;  the 
ethereal  solution,  washed  first  with  dilute  sodium  carbonate  solution 
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and  then  with  water,  was  dried  over  calcium  chloride,  and  the  ether  dis- 
tilled off.  The  residue  was  now  distilled  under  a  pressure  of  45  mm., 
when,  between  90°  and  100°,  a  large  quantity  of  xylene  came  over, 
and  then  between  140°  and  155°,  some  20  grams  of  oil,  mostly 
unchanged  ethylic  methylmalonate.  The  receiver  was  now  changed, 
and  thefractionation  continued ;  the  temperature  rose  somewhat  rapidly 
to  170°,  and  from  this  point  very  slowly  to  200°,  most  of  the  oil,  how- 
ever, seemed  to  distil  over  at  two  temperatures,  namely,  185°  and 
between  195°  and  200°.  The  fraction  passing  over  between  170°  and 
200°  amounted  to  about  55  grams,  and  about  20  grams  of  a  residue 
of  higher  boiling  point  was  left  in  the  retort. 

Hydrolysis  of  the  Oil  boiling  between  140°  and  200°. — The  two  frac- 
tions obtained  above,  boiling  at  140 — 155°  and  155 — 200°  respect- 
ively, were  united  and  added  to  90  grams  of  potassium  hydroxide 
dissolved  in  alcohol.  The  mixture  was  then  heated  in  a  reflux 
apparatus  for  six  hours  on  a  water  bath,  during  which  time  a  quan- 
tity of  potassium  salts  separated.  The  contents  of  the  flask  were 
then  poured  into  water,  and  after  the  solution  had  been  evaporated 
in  a  large  basin  on  the  water  bath  until  all  the  alcohol  had  volatilised, 
the  liquid  was  acidified  with  hydrochloric  acid,  and  the  acids  extracted 
by  repeatedly  shaking  with  pure  ether.  The  ethereal  solution  was 
dried  over  calcium  chloride,  the  ether  distilled  off,  and  the  residual  oil 
heated  at  200°  until  all  evolution  of  carbonic  acid  had  ceased.  On 
distilling  the  thick  oily  residue  under  a  pressure  of  30  mm.,  a 
considerable  portion,  J.,  passed  over  between  130°  and  200°,  the 
thermometer  rising  steadily  all  the  time ;  this  contained  a  good  deal 
of  propionic  acid.  The  receiver  was  changed  at  200°,  and  the  oil, 
B,  passing  over  between  200°  and  250°,  was  collected;  these  two 
fractions  were  then  worked  up  separately. 

Fraction  A  (130 — 200°). — This  smelt  strongly  of  propionic  acid, 
but  on  adding  dilute  ammonia  in  excels  a  large  amount  of  oil 
remained  undissolved  in  the  cold,  although  on  boiling  everything 
went  into  solution.  The  liquid  was  then  diluted  and  boiled  with 
animal  charcoal,  filtered,  and  to  the  filtrate,  which  was  pale  yellow,  a 
solution  of  30  grams  of  calcium  chloride  was  added.  On  boiling  the 
liquid  on  a  sand  bath,  a  large  quantity  of  an  insoluble  calcium  salt 
separated,  which  was  collected  with  the  aid  of  the  pump.  The  filtrate 
contained  the  more  soluble  calcium  salt  of  an  acid  melting  at 
104—107°. 

Fraction  B  (200— 250°).— This  was  treated  in  exactly  the  same 
way  as  A,  but  only  a  very  small  quantity  of  the  insoluble  calcium  salt 
was  obtained,  this  fraction  largely  consisting  of  the  acid  of  lower 
melting  point. 

Decomposition    of   the    Insoluble   Calcium    Salt. — The  calcium  salt, 
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dissolved  in  excess  of  hot  and  strong  hydrochloric  acid,  yielded 
colourless  crystals  on  cooling,  which,  after  being  separated  from  the 
mother  liquor  and  dried,  melted  at  140 — 148°.  The  acid  was  purified 
by  redissolving  it  in  ammonia,  reprecipitating  as  calcium  salt,  and 
decomposing  this  with  hot  hydrochloric  acid,  &c.  In  this  way  the 
acid  was  obtained  as  a  colourless,  crystalline  powder,  melting  at  150°  ; 
on  re  crystallisation  from  hydrochloric  acid  its  melting  point  rose  to 
151°. 

The  acid  gave  the  following  numbers  on  analysis. 

Calculated  for 
Found.  C7H12O4. 

Carbon 52'41  52'50  per  cent. 

Hydrogen 7'72  7'50 

It  was  in  every  respect  identical  with  the  trimethylsuccinic  acid 
prepared  by  Zelinsky's  method,  melting  at  152°. 

Owens  College  Chemical  Laboratory, 
Manchester. 
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Note  on  the  oai-dimethylglutaric  acids. 
By  WILLIAM  ARTHUR  BONE,  and  WILLIAM  HENRY  PERKIN,  Jim. 

IN  a  paper  published  last  year  (Trans.,  1895,  67,  416),  the  authors 
described  as  aardimethylglutaric  acids  two  acids  melting  at  127° 
and  105 — 107°  respectively,  obtained,  together  with  trimethylsuccinic 
acid  (m.  p.  152°),  by  the  hydrolysis  of  the  product  of  the  action  of 
ethylic  a-bromisobutyrate  on  the  sodium  derivative  of  ethylic  a-cyano- 
propionate,  in  alcoholic  solution.  In  the  same  communication,  they 
stated  that  Auwers  and  Thorpe  (Ber.,  1895,  28,  623)  had  shown  that 
the  acid  melting  at  105 — 107°  was  not  a  homogeneous  substance,  but 
a  mixture  in  molecular  proportion  of  cis-  and  tfraws-aa^dimethyl- 
glutaric  acids,  melting  at  127°  and  140 — 141°  respectively,  but  up  to 
the  time  of  the  publication  of  their  results  the  authors  have  not  been 
able  to  confirm  this  opinion.  Since  that  time,  however,  Auwers  and 
Thorpe  have  published  fuller  details  of  their  work  (Annalen,  1895, 
285,  310),  and  the  authors  have  accordingly  subjected  the  acid  in 
question  to  a  further  examination,  with  the  result  that  they  are  able 
to  substantiate  the  conclusions  of  these  investigators. 

The  acid  melting  at  105 — 107°  is  in  many  respects  a  remarkable 
substance ;  it  may  be  recrystallised  from  various  solvents,  such  as  ben- 
zene or  concentrated  hydrochloric  acid,  without  any  change  in  its 
melting  point.  The  authors  fractionally  crystallised  the  normal  calcium 
salt,  obtained  by  adding  excess  of  calcium  chloride  to  a  dilute  solu- 
tion of  the  ammonium  salt,  and  on  regenerating  the  acids  from  the 
successive  fractions  by  separately  dissolving  them  in  concentrated 
hydrochloric  acid,  they  were  found  to  melt  within  2°  of  the  original 
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acid.  No  separation  could  be  effected  by  this  method.  Auwers  and 
Thorpe  found,  however,  that  if  the  acid  calcium  salt,  prepared  by  adding 
the  calculated  quantity  of  calcium  carbonate  to  an  aqueous  solution 
of  the  acid,  was  fractionally  crystallised,  two  calcium  salts  could  be 
obtained,  one  being  very  much  less  soluble  than  the  other.  On  regener- 
ating the  acids,  the  more  insoluble  salt  yielded  £rcms-dimethylglutaric 
acid,  melting  at  140 — 141°,  and  the  other  cis-dimethylglutaric  acid, 
melting  at  127°. 

The  authors  are  able  to  confirm  this  result,  and  have  resolved  the 
acid,  melting  at  105— 107°,  into  its  two  constituents,  by  the  following 
method,  also  due  to  Auwers  and  Thorpe  ;  it  depends  on  the  fact  that 
cw-dimethylglutaric  acid  readily  yields  an  anhydride  on  treatment 
with  acetyl  chloride,  whilst  the  ^raws-acid  remains  unchanged.  The 
acid,  melting  at  105 — 107°,  was  mixed  with  half  its  weight  of  acetyl 
chloride  in  a  test-tube,  the  mixture  gently  warmed  for  about  10 
minutes,  until  the  evolution  of  hydrogen  chloride  had  ceased,  and 
the  substance  had  completely  dissolved,  and  the  solution  was  then 
left  in  a  vacuum  over  solid  potassium  hydroxide,  until  the  whole  of 
the  acetyl  chloride  had  volatilised.  The  solid  residue  thus  obtained 
was  quickly  washed  with  benzene,  whereby  the  anhydride  of  the  cis- 
acid  was  completely  removed,  leaving  behind  the  unchanged  trans- 
acid,  which,  after  recrystallisation  from  hot,  hydrochloric  acid,  was 
found  to  melt  at  140 — 141°.  On  leaving  the  filtrate  in  a  warm  place 
until  the  benzene  had  evaporated,  an  oily  liquid  was  left,  which, 
on  long  standing,  became  semi-solid  ;  it  dissolved  readily  in  hot, 
concentrated  hydrochloric  acid,  and  on  cooling  the  solution  crystals 
of  cis-dimethylglutaric  acid,  melting  at  125 — 127°,  separated.  The 
mother  liquor  was  extracted  with  pure  ether,  and  after  drying  the 
ethereal  solution  over  calcium  chloride  and  distilling  off  the 
ether,  a  residue  was  left,  which  was  recrystallised  from  benzene; 
in  this  way  a  small  quantity  of  an  acid,  melting  between  100°  and 
110°,  was  obtained.  On  grinding  together  equal  portions  of  cis-  and 
tfrcms-dimethylglutaric  acids  in  a  mortar,  a  substance  was  obtained 
which  had  an  almost  constant  melting  point,  namely,  104 — 108°, 
resembling  in  every  way  the  acid  melting  at  105 — 107°,  which  the 
authors  described  in  their  former  paper. 

Owens  College,  Manchester. 
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Cis-  and  trans-methylisopropylsuccinic  acid. 

Jy  WILLIAM    HENRY   BENTLET,  WILLIAM    HENRY  PERKIN,  jun.,  and 
JOCELYN  FIELD  THORPE. 

THE  action  of  the  ethereal  salts  of  a-bromo-acids  of  the  fatty  series 
on  the  sodium  compounds  of  ethylic  malonate  and  its  derivatives  may 
take  place  in  two  different  ways. 

1.  The  action  may  proceed  directly  with  the  simple  separation  of 
sodium  bromide,  thus  : — 

R-CH2-CHBr-COOC2H5  +  XCNa(COOC2H5)2  = 

R-CH2-CH-(COOC2H5)'CX(COOC2H6)2  +  NaBr, 

forming  an  ethereal  salt  of  a  tribasic  acid,  which,  on  hydrolysis  and 
subsequent  elimination  of  CO2,  yields  a  derivative  of  succinic  acid, 
thus: — 

R-CH2-CH-(COOH)-CX(COOH)2  = 

R-CH2-CH(COOH)-CHX-COOH  +  C0a. 

2.  The  reaction  is   an  indirect  one.     In  this  case  an  unsaturated 
ethereal  salt  is  first  produced  by  the  removal  of  hydrogen  bromide, 

R-CH2-CHBr-COOC2H5  =  R-CH:CH-COOC2H5  +  HBr, 

and  this  unsatarated  ethereal  salt  then  condenses  with  the  sodium 
derivative  employed,  as  follows, 

(COOC2H6)2CXNa  +  R-CH:CH-COOC2H5  = 

(COOC2H6)2CX-CHR-CHNa-COOC2H6, 

yielding  a  sodium  derivative  of  an  ethereal  salt  from  which  the  corre- 
sponding tribasic  acid  may  be  isolated  by  hydrolysis.  This  tribasic 
acid  then  readily  decomposes  on  heating  with  formation  of  a  deriva- 
tive of  glutaric  acid, 

(COOH)2CX-CHR-CH2-COOH  =  CO,  + 

COOH-CHX-CHR-CH2-COOH. 

The  direction  in  which  the  action  proceeds  depends  generally  on 
the  conditions  of  the  experiment ;  thus,  when  ethylic  a-bromisobu- 
tyrate  is  digested  with  ethylic  methyl  malonate  in  alcoholic  solution 
(Bischoff  and  Mintz,  Ber.,  1890,  23,  649),  an  ethereal  salt  of  the 
formula  (COOC2H5)2C(CH3;-CH2-CH(CH3)-COOC2H5  is  produced, 
from  which,  by  hydrolysis  and  elimination  of  C02,  the  two  sym- 
metrical dimethylglutaric  acids  are  obtained ;  whereas  if  the  experi- 
ment be  performed  in  xylene  solution  at  200°,  the  action  proceeds 
directly  with  separation  of  sodium  bromide  and  formation  of  ethylic  tri- 
methylethanetricarboxylate,  (COOC2H6)2C  (CH3)-C(CH3)2-COOC2Hi, 
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from  whioh  trimethylsuccinic  acid  is  readily  produced  (Bischoff,  Per., 
1891,  24, 1078;  Bredt  and  Helle,  Inaugural  Dissert.,  Bonn,  1893,  31  ; 
Auwers,  Annalen,  1895,  285,  260  and  301). 

During  some  experiments  on  the  action  of  ethylic  bromomethyliso- 
propylacetate,  (CH3)2CH-CBr(CH3)-COOC2H6,  on  the  sodium  deriva- 
tive of  ethylic  malonate,  on  which  one  of  us  has  been  engaged  for 
some  time,  it  was  found  to  be  exceedingly  difficult  to  decide  whether 
the  substances  obtained  were  derivatives  of  succinic,  or  of  glutaric 
acid,*  and,  in  order  to  throw  some  light  on  this  point,  a  series  of 
experiments  on  the  action  of  the  next  lower  homologue,  namely, 
ethylic  bronaisopropylacetate  (ethylic  a-bromisovalerate)  on  the 
sodium  derivative  of  ethylic  methylmalonate  were  instituted,  with  the 
results  described  in  this  communication. 

If  this  decomposition  proceed  as  indicated  in  equation  1,  the  end 
product  would  be  methylisopropyl  succinic  acid, 

(CH3)2CH-CH(COOH)-CH(CH3)'COOH; 

if,  however,  hydrogen  bromide  were  eliminated,  and  subsequent  con- 
densation took  place,  the  end  product  would  be  trimethylglutaric  acid, 
COOH-CH2-C(CH3)2-CH(CH3)-COOH,  and  it  would  be  easy  to  dis- 
tinguish between  these  substances,  since,  in  the  former  case,  the  acid 
would  contain  two  asymmetric  carbon  atoms,  and  be  capable,  there- 
fore, according  to  the  Le  Bel- van' t  Hoff  theory,  of  existing  in  two 

,    .       ,.  ,.,     ,.  .      C3H7-CH-COOH 

distinct   inactive   modifications,    namely,    vis,  I      ^^^     ,   and 

CMs'CH'COOH 

C3H7-CH-COOH 

trans,  I  ,  methylisopropylsuccinic  acid  ;  whereas  the 

O  U  U  ri  'U  hl'L/  JhL3 

above  trimethylglutaric  acid,  containing  only  one  asymmetric  carbon 
atom,  is  capable,  according  to  the  same  theory,  of  existing  in  one 
inactive  modification  only. 

The  action  of  ethylic  a-bromisovalerate  on  the  sodium  derivative  of 
ethylic  methylmalonate  was  first  carried  out  in  boiling  xylene  solu- 
tion in  the  usual  manner,  the  purified  ethereal  salt  obtained  was 
hydrolysed,  and  the  acid  produced  heated  at  200°  until  all  evolution 
of  carbonic  anhydride  had  ceased. 

From  the  product,  two  well  characterised  acids  melting  at  174 — 175° 
and  124 — 125°,  were  isolated,  which,  from  the  study  of  their  behaviour, 
were  clearly  shown  to  be  stereoisomeric ;  these  acids,  therefore,  are 
evidently  the  cis-  and  tfraws-methylisopropylsuccinic  acids,  which  are 
formed  by  the  direct  action  of  ethylic  a-bromisovalerate  on  the  sodium 
derivative  of  ethylic  methylmalonate,  according  to  equation  1. 

Qs-Methylisopropylsuccinic  acid  differs  from  the  £ra?2s-acid  in  being 

*  It  is  hoped  that  the  results  of  these  experiments,  which  are  complete,  will  be 
ready  for  publication  shortly. 
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readily  volatile  with  steam  when  heated  with  a  50  per  cent,  solution 
of  sulphuric  acid.  It  melts  at  125 — 126°,  and,  when  treated  with 
hydrochloric  acid,  is  partially  converted  into  the  trans- modification 
melting  at  174 — 175°.  When  heated  with  acetic  anhydride,  or  when 
distilled,  the  cu-acid  yields  a  liquid  anhydride,  and  this,  on  treatment 
with  water,  is  reconverted  into  the  original  acid. 

a   (CHa),CH-OH-COOH 

The  o.-amhc  acid,  CH^H-CONH-CA  <?)'  melts  at  16°°> 

and  is  different  from  the  anilic  acid  of  the  trans-acid,  although  both 
yield  the  same  anil  when  heated  at  200°. 

TLrans-methylisopropylsiiccimc  acid  is  much  less  soluble  in  water 
than  the  ci's-acid ;  it  melts  at  174 — 175°,  and  when  heated  with 
hydrochloric  acid  at  180°,  is  partially  converted  into  the  cis-acid. 

When  distilled  under  reduced  pressure,  or  heated  with  acetic 
anhydride,  the  trans-acid  yields  a  solid  anhydride  melting  at  46°, 
which  by  treatment  with  water  is  reconverted  into  the  same  acid.  If, 
however,  this  anhydride  be  boiled  in  a  reflux  apparatus  for  some  time 
under  ordinary  pressure,  and  then  distilled,  the  distillate  is  found  to 
consist  of  the  cw-anhydride  ;  the  conversion  of  the  trans-  into  the  cis- 
acid  being  complete  under  these  circumstances.  The  ^raws-anhydride, 
on  treatment  with  aniline,  gives  the  anilic  acid  of  the  trans-acid,  and 
this,  when  heated  at  200°,  yields  the  anil  of  the  c^s-acid. 

We  next  studied  the  action  of  ethylic  a-bromisovalerate  on  the 
sodium  derivative  of  ethylic  methylinalonate  in  alcoholic  solution,  and 
in  this  case  again,  curiously  enough,  working  up  the  product  in  the 
way  described  in  the  body  of  the  paper,  we  were  only  able  to  isolate 
eu'-methylisopropylsuccinic  acid,  the  ircms-modification  which  should 
have  been  formed  being  apparently  converted  into  the  cis-acid  under 
the  conditions  of  hydrolysis  employed  in  this  particular  instance. 

Lastly,  in  order  that  there  might  be  no  doubt  as  to  the  constitution 
of  these  acids,  we  have  prepared  them  in  the  following  way. 

In  the  first  place,  the  sodium  derivative  of  ethylic  malonate  was 
digested  with  ethylic  a-bromisovaleraf-e,  when  a  good  yield  of  an 
ethereal  salt  was  obtained,  which  has  already  been  described  by  Roser 
(Annalen,  1883,  220,  277),  and  which  is  undoubtedly  ethylic  isopropyl- 
ethanetricarboxylafce,  (CH3)2CH-CH(COOC,H5)-CH(COOC2H5)2.  In 
order  to  be  certain  of  the  constitution  of  this  ethereal  salt,  it  was 
hydrolysed,  and  the  tribasic  acid  formed  heated  at  200°,  whereby 
it  was  converted  into  isopropylsuccinic  acid, 

(CH3)2CH-CH(COOH)-CH2-COOH, 
a  result  which  confirms  Roser's  experiments. 

The  ethylic  isopropylethanetricarboxylate  was  now  treated  with 
sodium  and  methylic  iodide  in  alcoholic  solution, 

I  2 
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(COOEt)2CNa-CH(COOEt)-CH(CH3)2  +  CH3I  = 

(COOEt)2C(CH3)-CH(COOEt)-CH(CH3)2  +  Nal. 

The  ethereal  salt  thus  formed  was  identical  with  that  obtained  in 
the  previous  experiments,  since,  on  hydrolysis  and  subsequent 
elimination  of  carbon  dioxide,  a  mixture  of  acids  was  obtained  from 
which  cis-  and  iraws-methylisopropylsuccinic  acid,  melting  at  174  — 
175°  and  124  —  125°  respectively,  were  readily  isolated.  These  acids 
differed  in  no  respect  from  those  produced  in  the  manner  previously 
described. 

The  latter  method  gives  by  far  the  best  yield  of  these  acids  ;  it  is 
therefore  placed  first  in  this  paper,  and  described  in  most  detail. 

EXPERIMENTAL  PART. 

I.  Ethylic  Isopropylethanetricarboxylate, 
C  O  0  C2H5 


In  preparing  this  substance,  23  grams  of  sodium  were  dissolved  in 
250  grams  of  absolute  alcohol  and  160  grams  of  ethylic  malonate 
added,  when  the  sodium  derivative  separated  as  a  white,  gelatinous 
precipitate.  The  flask  containing  the  mixture  was  then  connected 
with  a  reflux  condenser,  heated  on  the  water  bath,  and  209  grams  of 
ethylic  a-bromisovalerate  added  in  small  portions  at  a  time  to  the 
boiling  solution.  The  action  was  not  violent,  although  sodium 
bromide  separated  immediately  on  adding  the  bromisovalerate  ;  the 
boiling  was  continued  for  three  hours,  after  which  the  product  was 
neutral.  The  alcohol  was,  as  far  as  possible,  distilled  off,  ihis  being 
most  quickly  and  completely  effected  by  placing  the  flask  in  the 
boiling  water  bath,  bumping  being  prevented  by  suspending  a  piece 
of  string  from  the  neck  of  the  flask,  so  as  to  hang  in  the  boiling 
liquid. 

When  the  alcohol  had  ceased  to  come  over,  the  residue  in  the  flask 
was  mixed  with  water,  the  oil  separated,  the  aqueous  liquor  extracted 
four  times  with  ether,  the  ethereal  solution  dried  over  calcium  chloride, 
and  the  ether  distilled  off.  The  oily  product  was  then  fractionated 
under  reduced  pressure  (37  mm.)  ;  a  small  portion  boiled  below  200°, 
but  the  chief  portion  came  over  between  180°  and  182°.  The  weight 
of  this  fraction  was  186  grams,  or  66  per  cent,  of  the  theoretical  yield 
of  ethylic  isopropylethanetricarboxylate. 

0-1510  gave  0'3209  C02  and  0-1155  H20.     C  =  57'96  ;  H  =  8'49. 
CUHM06  requires  C  =  58'  33  ;  H  =  8'33  per  cent. 

In  order  to  prove  that  this  ethereal  salt  has  the  constitution  repre- 
sented by  the  formula  at  the  head  of  this  section,  20  grams  of  the 


CIS-  AND  TRANS-METHYLISOPROPYLSUCCINIC  ACID.         274 

pure  substance  were  hydrolysed  by  boiling  with  an  alcoholic  solution 
of  potash  for  two  hours,  evaporating  the  product  three  times  with 
water,  acidifying,  and  extracting  several  times  with  ether  ;  after  dry- 
ing over  calcium  chloride  and  evaporating  the  ether,  the  oily  acid 
was  heated  at  200°  until  the  evolution  of  gas  had  ceased,  and  the  pro- 
duct, which  rapidly  solidified  and  melted  indefinitely  at  90  —  110°,  was 
recrystallised  from  hydrochloric  acid  until  the  melting  point  became 
constant  at  116—117°. 

0-2297  gave  0'4408  CO,  and  01555  H20.     C  =  52'33;  H  =  7'53. 
C7H12O4  requires  C  =  52'52  ;  H  =  7'52  per  cent. 

A  careful  examination  of  this  acid  proved  conclusively  that  it  is 
identical  with  the  isopropylsuccinic  acid  obtained  by  Hlasiwetz  and 
Grabowski  (Annalen,  1868,  145,  207),  from  the  fusion  of  camphoric 
acid  with  potash,  and  which  Roser  (Annalen,  1883,  220,  272)  has 
shown  to  be  identical  with  the  acid  obtained  by  the  hydrolysis  of 
ethylic  isopropylacetosuccinate  with  potash, 

C3H7-C(C2H30)(COOC2H5)-CH2-COOC2H6  +  3KOH  = 

C3H7-CH(COOK)-CH2-COOK  +  2C3H6-OH  +  CH3-COOK. 

Not  only  do  the  melting  points  of  these  acids  coincide,  but  on  com- 
paring the  anilic  acid  produced  from  the  acid  obtained  by  us  with 
that  prepared  from  a  sample  of  isopropylsuccinic  acid,  which  had 
been  obtained  by  fusing  camphoric  acid  with  potash,  they  both 
melted  at  145°,  and  were  identical  in  all  respects. 

This  anilic  acid,  which  does  not  appear  to  have  been  previously 
prepared,  is  readily  obtained  by  mixing  isopropylsuccinic  anhydride 
with  aniline  in  benzene  solution  ;  it  crystallises  from  a  mixture  of 
light  petroleum  and  ethylic  acetate  in  large,  glistening  plates  melting 
at  145°.  A  nitrogen  determination  gave  the  following  figures. 

0-1991  gave  9'9  c.c.  moist  nitrogen  at  12°  and  760  mm.     N  =  6'00. 
Ci3HnN03  requires  N  =  5'96  per  cent. 

On  heating  this  anilic  acid  in  a  sulphuric  acid  bath  at  200°  for 
half  an  hour,  it  loses  water,  and  is  converted  into  the  anil. 

This  compound  crystallises  from  light  petroleum  (80  —  100°)  in 
microscopic  needles  melting  at  213°.  The  same  substance  was 
obtained  both  from  'the  anilic  acid  prepared  from  the  synthetically 
produced  isopropylsuccinic  acid,  and  from  that  prepared  from  the 
isopropylsuccinic  acid  from  camphoric  acid. 

Ethylic  Isopropylmethylethanetricarboxylate, 


C(CH3)(COOC2H5)2- 
This  was  prepared  as  follows.     13'3   grams  of  sodium  were  dis- 
solved in  133  grams  of  absolute  alcohol,  and  166  grams  of  ethylic 
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isopropylethanetricarboxylate  added  ;  the  mass  became  yellow,  but 
no  separation  of  the  sodium,  derivative  was  observed.  The  flask 
was  fitted  with  a  reflux  condenser,  the  solution  cooled,  and  95  grams 
(an  excess)  of  methylic  iodide  added  in  small  portions  at  a  time 
through  the  condenser  tube  ;  the  action  was  very  violent,  the  tem- 
perature rising  rapidly  until  the  liquid  boiled  vigorously.  In  order 
to  complete  the  action,  the  mixture  was  heated  on  the  water  bath  for 
two  hours,  when  it  was  found  to  be  neutral ;  the  product  was  then 
treated  as  usual,  the  alcohol  being  distilled  off,  water  added,  and  the 
oil  extracted  with  ether.  This  oil,  which  was  deep  red,  owing  to  the 
presence  of  free  iodine,  was  fractionated  under  reduced  pressure 
(80  mm.),  when  the  principal  portion  distilled  between  200°  and  210° ; 
the  weight  of  this  fraction  was  144  grams,  or  83  per  cent,  of  the 
theoretical  quantity.  An  analysis  gave  the  following  results. 

0-2197  gave  0-4818  C02  and  01707  H2O.     C  =  59-81 ;  H  =  8'63. 
C15H36O6  requires  C  =  59'60;  H  =  8'60  per  cent. 

Hydrolysis  of  Ethylic  IsopropylmethyletJianetricarboxylate  by  means  of 
Alcoholic  Potash. 

The  pure  ethereal  salt  (144  grams)  was  boiled  in  a  reflux  apparatus 
with  an  alcoholic  solution  of  one  and  a  half  times  the  calculated 
quantity  of  potash  for  four  hours,  the  product  diluted  with  water, 
and  evaporated  on  a  water  bath  to  a  small  bulk  until  quite  free  from 
alcohol.  On  acidifying  this  potassium  salt  with  hydrochloric  acid,  it 
was  noticed  that  there  was  a  marked  evolution  of  carbon  dioxide,  which 
indicated  that  the  tribasic  acid,  which  should  result  from  the  direct 
hydrolysis  of  the  ethereal  salt,  had  either  during  the  hydrolysis  or 
on  acidifying  with  hydrochloric  acid,  been  at  least  partially  decom- 
posed in<o  dibasic  acids  with  loss  of  carbon  dioxide,  and  this  was 
afterwards  found  to  be  the  case.  On  standing,  an  oil,  which  rapidly 
solidified,  separated  on  the  surface  of  the  strongly  acid  liquid.  The 
whole  was  then  transferred  to  a  separating  funnel  and  extracted 
seven  times  with  pure  ether,  the  ethereal  solution  dried  over  calcium 
chloride,  filtered,  and  evaporated,  when  a  slightly  yellowish  oil 
remained,  which  partially  solidified  on  standing.  This  product  was 
heated  in  an  oil  bath  at  200°,  but  only  a  small  quantity  of  carbon 
dioxide  was  evolved,  confirming  the  conclusion  arrived  at  above,  that 
the  tribasic  acid  had  been  for  the  most  part  already  decomposed. 
The  light  brownish  residue  which  contained  cis-  and  trans-iaeihyl- 
isopropylsuccinic  acids  was  then  treated  by  the  method  described  in 
the  next  paragraph. 

Separation  of  cis-  and  iT&nB'Methylisopropylsuccinic  acid. 
Method  I. — The  method  used   by    us  for  the  separation  of  these 


acids 
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ids  is  similar  to  that  employed  by  Hell  (Ber.,  1877,  10,  2229)  for 
the  isolation  of  diisopropylsuccinic  acid  and  of  tetramethylsuccinic 
acid,  namely,  distillation  in  steam  from  a  50  per  cent,  solution  of 
sulphuric  acid. 

The  mixed  acids  were  placed  in  a  conveniently  large  flask,  together 
with  a  50  per  cent,  solution  of  sulphuric  acid,  and  distilled  in  a 
current  of  steam,  when  a  large  quantity  of  an  oil  heavier  than 
water  passed  over ;  at  the  end  of  two  hours,  as  no  more  oil  passed 
over  and  the  distillate  was  only  slightly  acid,  the  distillation  was 
stopped. 

(a.)  Treatment  of  the  Residue  in  the  Distilling  Flask. — On  cooling,  a 
large  quantity  of  a  crystalline  substance  separated  from  the  dark 
brown  sulphuric  acid  solution;  this  was  collected,  and  after  being 
washed  with  water,  it  melted  roughly  at  130 — 160° ;  crystallisation 
from  water,  however,  at  once  raised  the  melting  point  to  160 — 170°, 
and  subsequently  to  174 — 175°,  where  it  remained  constant;  the 
quantity  of  this  substance  was  18  grams. 

The  nitrate  from  the  crystals  was  extracted  four  times  with  ether, 
and  the  ethereal  solution  dried  and  evaporated ;  the  thick,  syrupy 
residue  had  only  partially  solidified  after  standing  over  sulphuric 
acid  for  two  days  in  a  vacuum  ;  on  treatment  with  cold  benzene,  this 
was  readily  separated  into  two  parts. 

1.  An    insoluble,    white,     crystalline    mass    melting    roughly    at 
89—104°. 

2.  A  soluble  portion  which  was  deposited  as  an  oil  on  evaporating 
the  benzene  ;  the   quantity  of  this   was,  however,  small,  and  as  all 
attempts  to  obtain  a  crystalline  substance  from  it  were  unsuccessful, 
it  was  not  further  investigated.     It  is  worthy  of  remark,  however, 
that  oil  dissolving  this  oil  in  water  and  saturating  the  solution  with 
gaseous  hydrogen  chloride,  the  substance  was  reprecipitated  as  an 
oil,  and  not  in  a  crystalline  condition. 

In  order  to  purify  the  crystalline  substance  insoluble  in  cold  ben- 
zene, it  was  treated  with  boiling  benzene  and  filtered  from  a  small 
quantity  of  insoluble  inorganic  matter;  on  cooling,  needle-shaped 
crystals  separated  which,  after  being  washed  with  benzene,  melted  at 
95 — 110°,  but,  on  repeated  recrystallisation  from  water,  the  melting 
point  rose  to  117 — 118°,  where  it  remained  constant. 

The  quantity  of  this  acid,  which  was  evidently  isopropylsuccinic 
acid,  was  only  about  1  gram. 

(6.)  Treatment  of  the  Substance  Volatile  with  Steam. — The  steam 
distillate  consisted  of  a  large  volume  of  liquid  containing  oily  drops 
at  the  bottom,  which  dissolved  on  the  addition  of  excess  of  potash 
and  warming ;  the  clear  solution  thus  obtained  was  evaporated  in  a 
porcelain  dish  to  a  small  bulk,  acidified  with  hydrochloric  acid, 
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extracted  six  times  with  ether,  and  the  ethereal  solution  dried  over 
calcium  chloride  and  evaporated,  when  a  very  small  quantity  only  of 
an  oil  was  left  which  solidified  on  standing;  on  recrystallisation 
from  water,  an  acid  was  obtained  melting  at  174° — 175°,  evidently 
identical  with  the  acid  of  the  same  melting  point  already  obtained  as 
described  above ;  the  quantity  was,  however,  very  small  and  hardly 
sufficient  for  a  melting  point  determination. 

Considering  the  large  quantity  of  original  acid  employed,  only 
small  amounts  of  pure  substance  had  been  extracted  by  ether,  and  it 
seemed  likely,  therefore,  that  an  acid  was  contained  in  the  steam  dis- 
tillate, which,  owing  to  its  great  solubility  in  water,  was  not  capable 
of  being  easily  extracted  by  agitation  with  ether  ;  this  proved  to  be 
the  case,  for  on  evaporating  the  mother  liquor  (which  had  previously 
been  made  alkaline  by  the  addition  of  potash)  to  dry  ness  on  the 
water  bath,  adding  excess  of  concentrated  hydrochloric  acid,  and 
again  extracting  six  times  with  ether,  a  large  quantity  of  a  solid  sub- 
stance was  obtained  melting  at  about  110 — 120°.  This  could  not  be 
recrystallised  in  the  ordinary  way  owing  to  its  great  solubility  ;  but 
when  it  was  dissolved  in  a  little  water,  and  the  solution  saturated 
with  hydrogen  chloride,  the  pure  substance,  on  standing,  separated 
almost  completely  in  microscopic  needles  melting  at  125 — 126°.  The 
yield  of  this  acid  was  30  grams  from  the  141  grams  of  ethylic  methyl- 
isopropylethanetricarboxylate  used. 

The  products  of  the  hydrolysis  of  the  144  grams  of  this  ethereal 
salt  may  therefore  be  tabulated  as  follows. 

1.  An  acid  (18  grams)  melting  at  174 — 175°,  only  very  slightly 
volatile  with  steam,*  insoluble  in  hot  benzene. 

2.  An  acid  (1  gram)  melting  at  117 — 118°,  not  readily  volatile  with 
steam,*  but  easily  soluble  in  hot  benzene. 

3.  An  acid  (30  grams)  melting  at  125 — 126°,  volatile  with  steam,* 
and  readily  soluble  in  hot  benzene. 

In  the  following  sections,  we  give  a  detailed  account  of  the  pro- 
perties of  the  two  acids  melting  at  175°  and  126°  respectively, 
showing  that  the  former  is  the  trans-,  the  latter  the  cis-methyliso- 
propylsuccinic  acid. 

Method  II. — Although  as  a  method  for  the  rough  separation  of 
large  quantities  of  the  crude  mixed  acids,  distillation  with  steam  from 
a  50  per  cent,  solution  of  sulphuric  acid  serves  admirably,  and  yields 
the  cis-  and  ^raws-acids  in  a  tolerably  pure  form,  yet  it  cannot  be 
advantageously  applied  when  smaller  quantities  have  to  be  dealt 
with. 

Repeated  recrystallisation  of  the  crude  mixture  of  acids  from 
water  fails  to  produce  an  acid  of  higher  melting  point  than  170 — 1.73°, 
*  From  a  50  per  cent,  solution  of  sulphuric  acid. 


CIS-   AND   TRANS-METHYLISOPROPYLSUCCINIC   ACID.         278 

and  it  is  therefore  almost  impossible  "by  these  means  to  obtain  a  pure 
trans-acid]  if,  however,  the  recrystallised  product  be  boiled  for  a  few 
minutes  with  benzene,  in  which  it  is  almost  insoluble,  filtered  while 
hot,  washed  with  warm  benzene,  and  the  product  thus  obtained  sub- 
sequently recrystallised  from  water,  long,'  flat  needles  of  constant 
melting  point,  174 — 175°,  are  readily  obtained. 

Owing  to  the  marked  difference  in  the  solubility  of  the  cis-  and 
trans-acids  in  water,  the  cis-acid  is  obtained  in  a  very  fair  degree  of 
purity  on  saturating  the  mother  liquors  with  hydrogen  chloride; 
the  product,  however,  still  contains  traces  of  the  frcms-modification, 
but  can  easily  be  purified  by  treating  with  cold  benzene,  filtering, 
evaporating  the  filtrate  to  dryness,  and  recrystallising  the  residue 
thus  obtained  from  hydrochloric  acid,  as  above  described. 

CH3 

TT  •  O  •  C*  O  O  TT 

Tr&ns-MetJiylisopropylsuccinic  acid  (m.  p.  174—175°),  CQQH.Q.H 

CH(CH3)2 

This  acid  crystallises  from  water  in  long,  flat  needles,  which  melt 
at  174 — 175°,  and  decompose  at  190°  with  formation  of  the  anhydride. 
The  following  results  were  obtained  on  analysis. 

0-2272  gave  0-4587  CO2  and  0-1640  H20.     C  =  55-00 ;  H  =  8'02. 
C8HUO4  requires  C  =  55' 17.     H  =  8'04  per  cent. 

Trcms-methylisopropylsuccinic  acid  is  readily  soluble  in  hot  water, 
ether,  and  ethylic  acetate,  but  only  sparingly  in  light  petroleum 
and  chloroform,  almost  insoluble  in  cold  water  and  benzene.  The 
solubility  in  water  was  determined  by  Victor  Meyer's  method,  when 
it  was  found  that  at  18°,  2'6146  grams  of  water  dissolve  0'170  gram 
of  the  acid,  or  100  parts  of  water  dissolve  0'64  part  of  the  acid  at 
18°.  This  acid  is,  therefore,  very  sparingly  soluble  in  cold  water. 

The  silver  salt,  CgH^C^Aga,  prepared  by  neutralising  a  10  per  cent, 
solution  of  the  acid  with  a  slight  excess  of  ammonia,  boiling  for  some 
time,  concentrating,  adding  a  little  water,  and  then  the  requisite 
quantity  of  silver  nitrate  solution,  gave  the  following  result  on 
analysis. 

0-2122  gave,  on  ignition,  01181  Ag.     Ag  =  55'65. 

CsH12Agj04  requires  Ag  =  55'67  per  cent. 

Action  of  Heat  on  trans- Methylisopropy  Is  uccinic  acid. — When  gently 
boiled  for  a  few  minutes  under  slightly  diminished  pressure,  and 
then  distilled,  frans-methylisopropylsuccinic  acid  is  converted  into  an 
anhydride  which,  on  boiling  with  water,  yields  an  acid  melting  from 
120 — 165°,  and  from  which  a  small  quantity  of  trans-acid  can 

b  3 
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be  isolated  by  crystallisation  from  water.  The  mother  liquor, 
when  concentrated  and  saturated  with  hydrogen  chloride,  yields 
a  considerable  quantity  of  cis-methylisopropylsuccinic  acid  melting 
at  125  —  126°.  The  presence  of  the  trans-acid  in  this  product 
was  at  first  thought  to  be  due  to  its  having  distilled  unchanged,  but 
as  no  carbon  dioxide  was  evolved  on  heating  the  distillate  with  a 
solution  of  sodium  carbonate,  this  did  not  seem  probable.  Subse- 
quently it  was  proved,  however,  that  anhydrides  of  both  acids  exist, 
the  t  raws-anhydride  being  only  completely  converted  into  the  cis- 
modification  after  repeated  distillation  under  ordinary  or  slightly 
reduced  pressure. 

Behaviour  of  trans-Methylisopropylsiiccinic  acid  on  heating  with 
Hydrochloric  acid  at  180°.  —  In  order  to  investigate  this  important 
point,  3  grams  of  the  pure  acid  were  heated  with  concentrated  hydro- 
chloric acid  in  a  closed  tube,  at  180°,  for  eight  hours  ;  the  crystals 
which  separated  on  cooling,  melted  at  120  —  150°,  but  on  recrystal- 
lising  and  extracting  with  hot  benzene,  a  quantity  of  the  trans-acid., 
melting  at  174  —  175°,  was  readily  obtained,  whilst  the  mother  liquor, 
on  saturation  with  hydrogen  chloride,  yielded  the  cts-acid,  the  two 
acids  being  in,  apparently,  about  equal  proportions.  As,  on  subse- 
quent investigation,  the  cis-acid,  when  heated  in  like  manner  with 
hydrochloric  acid,  yielded  a  mixture  of  the  two  acids,  it  was  inferred 
that  here,  as  in  the  cases  of  the  symmetrical  aa-dimethylglutaric 
acids,  the  hexahydroisophthalic  acids,  and  other  similarly  constituted 
acids,  a  state  of  equilibrium  exists.  It  is  interesting  to  note  that  in 
this  case  it  is  quite  easy  to  separate  the  mixture  of  the  cis-  and  trans- 
acids  obtained  into  its  components  by  means  of  benzene;  and  that  it 
does  not  behave  like  the  mixture  of  cis-  and  tfrcws-dimethylglutaric 
acids,  which  can  only  be  separated  with  very  great  difficulty  (Annalen, 
1895,  285,  332). 

CH3 


CiB-Methylisopropylsuccinic  acid,  m,  p.  125  —  126°,  -rr.p.p/-v/ 

CH(CH3)3 

On  saturating  the  aqueous  solution  of  the  acid  with  hydrogen  chloride 
and  allowing  it  to  cool,  microscopic  needles  separate,  which  melt  at 
125  —  126°,  and  decompose  at  140°,  with  formation  of  the  anhydride. 
The  analysis  gave  the  following  figures. 

0-1135  gave  O2282  C02  and  0'0794  H20.     C  =  54'83  ;  H  =  777. 
*  requires  C  =  55'  17  ;  H  =  8'04  per  cent. 


Cis-Methylisopropylsuccinic  acid  is  readily  soluble  in  all  the  usual 
solvents,  with  the  exception  of  light  petroleum,  in  which  it  is  only 
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sparingly  soluble  in  the  cold;  it  also  dissolves  readily  in  acetyl 
chloride.  The  solubility  in  water,  determined  by  Victor  Meyer's 
method,  yielded  the  following  result  at  18°.  2' 1046  grams  of  water 
dissolve  0'0934  gram  of  the  acid,  or  100  parts  of  water  dissolve  4'43 
parts  of  the  cis-acid  at  18°,  it  is,  therefore,  much  more  soluble  than 
the  trans-acid,  of  which  100  parts  of  water  dissolve  only  0*64  part  at 
this  temperature. 

The  silver  salt,  C8H12Ag204,  prepared  by  the  same  method  as  that 
employed  in  the  case  of  the  trans-acid,  gave  the  following  result  on 
analysis. 

0-2210,  on  ignition,  gave  01232  Ag.     Ag  =  55' 74. 

C8H1204Ag2  requires  Ag  =  55'67  per  cent. 

Action  of  Heat  on  cis-Methylisopropylsuccinic  acid. — When  gently 
boiled  under  reduced  or  ordinary  pressure  for  a  few  minutes,  or 
when  slowly  distilled,  the  acid  readily  loses  water,  and  is  converted 
into  its  own  anhydride,  and  this,  on  boiling  with  water,  again 
yields  the  c^s-acid  in  a  very  pure  condition.  On  treating  a  drop 
of  this  anhydride  with  a  solution  of  sodium  carbonate,  on  a  watch 
glass,  there  is  no  evolution  of  carbon  dioxide,  so  that  the  conversion 
is  complete. 

The  Anhydrides  of  cis-  and  trans-Methylisopropylsuccinic  acids. 

Anhydride  of  trans-Methylisopropylsuccinic  acid. — The  simplest 
method  of  preparing  this  anhydride  seemed  to  be  the  following. 
Five  grams  of  the  pure  trans-acid  were  boiled  with  acetic  anhydride 
for  about  two  hours  in  a  reflux  apparatus,  the  solution  poured  into  a 
glass  dish,  and  the  acetic  anhydride  evaporated  as  far  as  possible  in 
a  vacuum  over  potash.  As  no  crystals  separated  after  the  lapse  of 
five  days,  the  product  was  distilled  under  reduced  pressure  (20  mm.), 
the  anhydride  passed  over  at  140 — 145°  as  a  colourless  oil,  which,  on 
standing,  gradually  solidified ;  it  was  pressed  on  a  porous  plate,  and 
recrystailised  from  light  petroleum  (b.  p.  80 — 100°),  when  it  gave 
long,  silky  needles  melting  at  40°. 

0-2010  gave  0'4520  C02  and  0-1534  H20.     C  =  61'33 ;  H  =  7'70. 
C8H1203  requires  C  =  61 '54  ;  H  =  7 '69  per  cent. 

On  boiling  with  water  for  half  an  hour,  this  anhydride  dissolves, 
and,  on  cooling,  the  trans-acid  separates  in  a  very  pure  form,  showing 
that  the  anhydride  is  in  reality  that  of  the  trans-acid.  The  anhy- 
dride is  not  changed  on  distillation  under  reduced  pressure,  and 
even  when  rapidly  distilled  at  the  ordinary  pressure  it  is  only  par- 
tially converted  into  the  cis-modification.  If,  however,  it  be  heated  for 
a  few  minutes  in  a  reflux  apparatus  and  then  distilled,  it  is  converted 
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into  the  anhydride  of  the  cis-acid,  as  shown  by  its  yielding  this  acid 
on  boiling  with  water,  as  also  by  its  giving  no  precipitate  with  a 
benzene  solution  of  aniline  (see  below) . 

The  Anhydride  of  cis-Methylisopropylsuccinic  avid. — This  anhydride 
was  prepared  in  the  following  manner.  Five  grams  of  the  cz's-acid  were 
heated  with  acetic  anhydride  for  two  hours,  and  the  solution  placed 
over  potash  in  a  vacuum.  As  soon  as  the  smell  of  acetic  anhydride 
was  no  longer  perceptible,  the  product  was  distilled  under  reduced 
pressure  (25  mm.)  when  the  anhydride  passed  over  at  138 — 140°  as  a 
colourless  oil ;  this,  however,  showed  no  signs  of  solidification,  even 
when  kept  for  a  considerable  time,  and  all  subsequent  efforts  to  pro- 
cure it  in  a  crystalline  form  proved  fruitless.  This  anhydride,  there- 
fore, appears  to  be  liquid  at  the  ordinary  temperature.  An  analysis 
of  a  sample  which  has  been  distilled  under  reduced  pressure  gave 
the  following  results. 

0-1902  gave  0'4273  C02,  and  0-1333  H20.     C  =  61-27  ;  H  =  7'78. 
C8H1203  requires  C  =  61'54 ;  H  =  7'69  per  cent. 

On  boiling  with  water  for  half  an  hour,  this  anhydride  dissolves, 
and  on  saturating  the  solution  with  hydrogen  chloride,  the  czs-acid 
melting  at  125 — 126°  is  obtained  in  a  pure  state. 

Conversion  of  the  Anhydride  of  the  trans-acid  into  that  of  the  cis-acid. 

Three  grams  of  the  trans- anhydride  were  heated  to  boiling  for 
three  minutes  under  ordinary  pressure  in  a  flask  shaped  as  shown  in 

the  figure,  the  flask  being  inclined, 
so  that  the  liquid  could  constantly 
run  back ;  the  flask  was  then  placed 
in  a  horizontal  position,  and  the 
anhydride  distilled  into  the  re- 
ceiver A  under  reduced  pressure. 

The  liquid  thus  obtained  showed 
no  signs  of  solidification  after  pro- 
longed standing,  and,  as  it  yielded 
the  pure  cis-acid  on  boiling  with 
water,  it  is  evident  that  a  trans- 
formation of  the  trans-  into  the  cis~ 
modification  had  actually  taken 
place  under  the  conditions  of  the 
experiment. 

The  Anilic  acids  and  the  Anil  of  cis-  and  trans- Hethylisopropylsuccinic 

acids. 

(1)  The  Action  of  Aniline  on  the  trans- Anhydride. — Two  grams  of  this 
anhydride  were  dissolved  in  benzene,  and  a  molecular  proportion  of 
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aniline,  also  dissolved  in  benzene,  added ;  a  thick,  white  precipitate 
separated  immediately,  the  contents  of  the  beaker  becoming  solid. 
The  product  was  then  collected,  washed  with  benzene,  dried,  and 
recrystallised  twice  from  dilute  alcohol ;  the  slender  silky  needles  thus 
obtained  melted  at  160°,  and  decomposed  at  170°  with  evolution  of 
bubbles  of  steam.  The  substance  dissolves  readily  in  sodium 
carbonate  solution. 

A  nitrogen  determination  of  this  compound  and  its  behaviour  on 
hydrolvsis  proved  that  it  consisted  of  the  anilic  acid  of  fraws-methyl- 

(CH3)2CH-COOH 
isopropylsuccimc  acid  of  the  formula  ^.ra-CO-6H<)H,        (?)" 

0-2590  gave  12'3  c.c.  moist  nitrogen  at  17°  and  753  mm.     K"  =  5'45. 
CuH19N03  requires  N  =  5'62  per  cent. 

Hydrolysis  with  Alcoholic  Potash. — About  1  gram  of  this  anilic 
acid  was  heated  with  alcoholic  potash  for  12  hours  on  a  water  bath ; 
on  evaporating,  acidifying,  and  extracting  with  ether,  an  acid  was 
obtained  which  melted  at  160—170°,  rising  to  174—175°  after  treat- 
ment with  hot  benzene.  It  consisted,  therefore,  of  the  trans-acid,  the 
formation  of  which  proves  conclusively  that  the  substance  described 
above  is  in  reality  the  £rcms-anilic  acid. 

(2)  The  action  of  Aniline  on  the  cis- Anhydride. — On  mixing  a  solu- 
tion of  1  gram  of  the  m-anhydride  dissolved  in  benzene  with  a 
benzene  solution  of  a  molecular  proportion  of  aniline,  no  precipitate 
of  the  anilic  acid  was  formed  as  in  the  case  of  the  ^raws-anhydride, 
so  that  this  difference  in  behaviour  towards  a  benzene  solution  of 
aniline  may  be  used  as  a  ready  means  of  identifying  these 
anhydrides.  On  evaporating  to  dryness  on  the  water  bath,  an  oil 
was  left  which  only  solidified  after  standing  two  days  in  a  vacuum, 
and  repeatedly  stirring ;  on  grinding  this  up  with  cold  benzene,  filter- 
ing and  washing  with  benzene,  a  white  powder  was  left  which 
crystallised  from  dilute  alcohol  in  large,  prismatic  needles  melting 
sharply  at  153°  and  decomposing  at  160°.  Thinking  that  perhaps 
this  might  be  the  same  substance  as  the  anilic  acid  obtained  from 
the  trans-anhydride  (m.  p.  160°),  it  was  again  recrystallised,  but  the 
melting  point  remained  constant.  A  nitrogen  estimation  yielded  the 
following  figures. 

0-2410  gave  11'9  c.c.  moist  nitrogen  at  16°  and  750  mm.    N  =  5'71. 
CuHigNOs  requires  N  =  5 '62  per  cent. 

On  hydrolysis  with  alcoholic  potash,  this  substance  yielded  again 
the  pure  cis-acid,  showing  that  it  is  in  reality  the  anilide  of  the  cis- 
acid. 


283  BENTLEY,  PERKIN,   AND  THORPE: 

Methylisopropylsuccinanil,  ' 

OJj-3*Oid'OO 

The  two  anilic  acids  described  above,  when  heated  above  their 
melting  points,  yield  the  same  anil. 

The  Anil  obtained  from  the  trans-  Anilic  acid.  —  The  £raws-anilic  acid 
was  heated  in  a  small  test-tube  in  a  sulphuric  acid  bath  at  200°,  until 
water  ceased  to  be  given  off.  On  cooling,  the  anil  remained  as  a 
thick,  oily  substance,  which  did  not  solidify  on  stirring,  but  it  did  so 
immediately  on  boiling  with  dilute  ammonia.  The  insoluble  matter 
was  collected,  washed  with  hot  ammonia,  and  recrystallised  from 
dilute  alcohol,  with  the  aid  of  animal  charcoal.  It  is  necessary 
to  use  a  large  quantity  of  the  solvent,  and  to  promote  crystallisation 
by  adding  a  crystal  of  the  substance,  otherwise  owing  to  its  low 
melting  point  and  the  higher  temperature  of  the  solvent,  it  frequently 
separates  as  an  oil.  This  anilide  crystallises  in  glistening  plates 
melting  at  85°  ;  it  is  insoluble  in  soda. 

The  Anil  obtained  from  the  cis-Anilic  acid.  —  On  heating  this  acid  in 
the  manner  described,  an  anil  was  obtained,  identical  in  melting  point 
and  crystalline  form  with  that  prepared  from  the  trans-acid.  A  nitro- 
gen estimation  was  made. 

01136  gave  5'5  c.c.  moist  nitrogen  at  16°  and  759  mm.     N"  =  574. 
requires  N"  =  6'06  per  cent. 


Salts  of  cis-  and  trans-Methylisopropylsuccinic  acids. 

In   each   case   a  10  per  cent,  solution  of   the  inorganic  salt  was 
added  to  a  10  per  cent,  solution  of  the  ammonium  salt  of  the  acid. 

126°  cis-  175°  trans- 

CuS04.        Cold,  no  precipitate   ......  ........      The  same. 

„  Hot,  no  precipitate  ;    but  on   cool- 

ing, the  copper  salt  separates  in 
flakes   ......................  ,, 

Pb(N03)2.  Cold,  white  crystalline  precipitate.  .  ,, 

?>          Hot,  „  „  „ 

Hg2(N03)i.  Cold,  white  precipitate    ..........  „ 

„          Hot,  soluble  in  excess  ............  „ 

HgCl2.          Cold,  no  precipitate    ............  „ 

„  Hot,  „  ............      White  crystalline 

precipitate. 
CaCl2.          Cold,  no  precipitate     ............  „ 

M  Hot,  „  .............  „ 

Fe2CJ6.         Cold,  flocculent  red-brown  precipitate  „ 

»>  Hot,  ,,  ,,  „  „ 
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The  Action  of  Ethylic  a-Bromisovalerate  on  the  Sodium  Compound  of 
Ethylic  Methylmalonate  in  Alcoholic  Solution. 

The  action  of  ethylic  a-bromisovalerate  on  the  sodium  compound 
of  ethylic  methylmalonate  was  next  investigated,  in  order  to  determine 
whether  by  this  means  the  acids  described  above,  or,  perhaps,  different 
ones,  would  be  formed. 

Six  grams  of  sodium  were  dissolved  in  60  grams  of  absolute 
alcohol,  the  solution  mixed  with  43  grams  of  ethylic  methylmalonate, 
and  53  grams  of  ethylic  a-bromisovalerate  added  in  small  quan- 
tities at  a  time  to  the  hot  solution ;  a  tolerably  energetic  action  set 
in,  and  after  three  hours'  heating  on  a  water  bath,  the  mass  was 
found  to  be  neutral.  The  alcohol  was  then  distilled  off,  the  product 
mixed  with  water,  the  oil  which  was  deposited  separated,  and  the 
aqueous  liquid  extracted  six  times  with  ether ;  after  drying  over 
calcium  chloride,  the  ether  was  distilled  off,  and  the  residual  oil 
fractionated  under  diminished  pressure  (67  mm.),  when  the  chief 
fraction  distilled  between  190°  and  210° ;  the  quantity  was,  however, 
only  10  grams,  or  not  more  than  15  per  cent,  of  the  theoretical 
yield. 

Hydrolysis  of  this  Ethylic  Salt. — The  ethereal  salt  was  hydrolysed 
by  boiling  with  a  50  per  cent,  solution  of  sulphuric  acid  in  a  round- 
bottomed  flask,  connected  with  Bischoff's  reflux 
apparatus,  and  heated  on  a  sand  bath.  As 
during  the  operation  an  acid  oil  distilled  over 
with  the  alcohol,  and  collected  in  the  receiver, 
a  short  Liebig's  condenser  was  placed  on  the 
shorter  arm  of  the  apparatus,  as  shown  in  the 
figure,  so  as  to  ensure  complete  condensation, 
and  from  time  to  time  the  oil  which  had  dis- 
tilled was  separated  and  returned  to  the  flask. 
After  three  hours'  boiling,  all  the  oil  had  dis- 
appeared, and  as,  on  adding  water  to  the 
liquid,  it  dissolved  without  the  separation  of 
oily  drops,  the  hydrolysis  was  considered  as 
complete.  The  product  was  now  distilled  with 
steam,  and,  as  in  the  previous  experiment 
(p.  276),  it  was  noticed  that  an  oily  substance 
distilled  over  first,  and  sank  to  the  bottom  of 
the  receiver ;  at  the  end  of  two  hours  the  oil 
ceased  to  come  over,  and  as  the  distillate  was 
only  faintly  acid,  the  distillation  was  stopped. 

As  no  crystalline  substance  separated  from  the  sulphuric  acid 
soluiion  on  cooling,  it  was  extracted  with  pure  ether,  and  the  ex- 
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tract,  after  drying,  evaporated.  The  oil  which  was  left  did  not  solidify 
even  when  left  in  a  vacuum  over  sulphuric  acid  for  five  days  ;  it 
was  therefore  dissolved  in  water  and  the  solution  saturated  with 
hydrogen  chloride,  but  the  substance  was  reprecipitated  as  an  oil, 
no  crystals  being  formed.  The  steam  distillate,  which  contained,  as 
stated  above,  an  insoluble  oil,  was  made  strongly  alkaline,  evapo- 
rated to  dryness  on  the  water  bath,  mixed  with  excess  of  concentrated 
hydrochloric  acid,  and 'extracted  with  ether.  The  oily  product,  which 
solidified  partially  on  standing,  was  dissolved  in  water  and  saturated 
with  hydrogen  chloride ;  the  crystalline  substance  which  separated 
melted  at  113 — 117°,  but  after  repeated  recrystallisations  it  had  a 
constant  melting  point  of  125 — 126°. 
An  analysis  gave  the  following  figures. 

0-2303  gave  0'4639  C02  and  0'1643  H20.     C  =  54"94 ;  H  =  7'93. 
CgHuO*  requires  C  =  5517  ;  H  =  8'04  per  cent. 

The  substance  is  therefore  without  doubt  cis-methyJisopropylsuccinic 
acid. 

It  is  remarkable  that  in  this  reaction  the  cis-acid  alone  should  be 
produced ;  no  trace  of  the  trans-acid  could  be  isolated,  and  it  could 
hardly  have  been  overlooked,  as  it  usually  separates  with  great  ease, 
and  is  readily  purified. 

Action  of  Ethylic  a-Bromisovalerate  on  the  Sodium  Derivative  of  EtTiylic 
Methylmalonate  in  Xylene  Solution. 

As  explained  in  the  introduction,  the  object  of  this  experiment 
was  to  determine  whether,  in  xylene  solution,  the  condensation  be- 
tween ethylic  bromovalerate  and  ethylic  methyl malonate  might  not 
proceed  in  a  different  manner  from  that  in  alcoholic  solution,  yielding 
derivatives  of  glutaric  acid. 

Fifteen  grams  of  sodium  in  the  form  of  powder*  (molecular 
sodium)  were  suspended  in  about  400  c.c.  of  xylene  and  117  grams 
of  ethylic  methylmalonate  added  ;  at  the  ordinary  temperature  the 
sodium  dissolved  only  slowly,  but,  on  slightly  warming,  a  violent  evo- 
lution of  hydrogen  took  place,  and  the  sodium  derivative  of  ethylic 
methylmalonate  separated  as  a  pasty  mass,  in  fact,  the  contents  of 
the  flask  became  so  thick  that  more  xylene  had  to  be  added.  Ethylic 
a-bromisovalerate  (141  grams)  was  then  poured  into  the  cooled 
solution,  but  no  perceptible  action  occurred,  although  the  sodium 
derivative  dissolved  in  the  mixture;  the  flask  was  therefore  con- 
nected with  a  reflux  condenser  and  heated  to  boiling  on  a  sand  bath 
for  five  hours,  when  sodium  bromide  separated  in  large  quantities. 

*  As  obtained  by  melting  the  sodium  under  the  xylene  in  a  corked  flask  and 
shaking  vigorously. 
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When  cold,  the  product  was  mixed  with  water,  the  xylene  solution 
separated,  and  the  aqueous  liquid  extracted  three  times  with  small 
quantities  of  xylene.  The  combined  extracts  were  dried  with  calcium 
chloride,  and  the  xylene  distilled  off  as  far  as  possible  under  the 
ordinary  pressure  ;  as  soon,  however,  as  the  thermometer  began  to  rise 
rapidly,  the  residue  was  transferred  to  a  smaller  flask,  and  the  frac- 
tionation  continued  under  diminished  pressure  (80  mm.)  ;  the  chief 
fraction  distilled  at  200 — 210°,  and  weighed  71  grams,  or  35  per 
cent,  of  the  theoretical  yield  of  pure  ethylic  salt. 

Hydrolysis  of  the  Ethylic  Salt. — This  ethereal  salt  was  hydrolysed 
by  means  of  a  50  per  cent,  solution  of  sulphuric  acid  in  the  mariner 
described  in  the  previous  instance  (p.  284)  ;  after  12  hours,  all  oil 
having  disappeared,  the  product  was  distilled  with  steam. 

The  sulphuric  acid  solution,  on  cooling,  deposited  a  large  quantity  of 
crystals,  which  melted  indefinitely  at  160 — 170°,  but  on  twice  recrys- 
tallising  from  water,  the  melting  point  rose  to  174 — 175°,  and  remained 
constant.  The  following  figures  were  obtained  on  analysis,  showing 
that  the  substance  was  trans-methylisopropylsuccinic  acid. 

0-2102  gave  0-4327  CO,  and  0'1512  H20.     C  =  54'97  ;  H  =  7'99. 
C8HU04  requires  C  =  5517 ;  H  =  8'04  per  cent. 

The  filtrate  from  these  crystals,  on  extraction  with  ether,  &c.,  gave 
an  oily  residue,  which,  on  standing,  partially  solidified  ;  it  was  then 
spread  on  a  porous  plate,  and  the  solid  residue  recrystallised  from 
concentrated  hydrochloric  acid,  when  an  acid  was  obtained  melting 
sharply  at  115 — 116°.  This  was  evidently  isopropylsuccinic  acid,* 
since,  on  analysis,  it  yielded  the  following  result. 

0-2403  gave  0'4657  CO2  and  0'1667  H20.     C  =  53'07  ;  H  =  7' 70. 
C7H1,04  requires  C  =  52'52 ;  H  =  7'52  per  cent. 

The  Steam  Distillate. — As  in  the  previous  experiment  (p.  285) 
this  was  made  strongly  alkaline  with  potash,  evaporated  to  dryness, 
concentrated  hydrochloric  acid  then  added  in  large  excess,  and  the 
whole  extracted  with  ether  ;  in  this  way,  a  solid  substance  was  ob- 
tained which  melted  roughly  at  110 — 120°,  and  on  recrystallising 
four  times  from  concentrated  hydrochloric  acid,  gave  cis-methyliso- 
propylsuccinic  acid  melting  constantly  at  125 — 126°. 

01926  gave  0*3905  C02  and  01388  H20.     C  =  55'29;  H  =  8'01. 
C8HU04  requires  C  =  55'17 ;  H  =  8'04  per  cent. 

The  quantities  of  these  two  acids  melting  at  126°  and  175°  respec- 
tively were  about  equal. 

*  The  formation  of  this  substance  is  obviously  due  to  the  presence  of  traces  of 
ethylic  malonate  in  the  ethylic  methylmalonate  used. 
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Cis-  and  tfrans-methylisopropylsuccinic  acids  are  therefore  formed 
in  about  equal  proportion  by  the  action  of  ethyl ic  a-bromisovalerate 
on  the  sodium  compound  of  ethyl  ic  methylmalonate  in  xylene  solu- 
tion, whereas  the  same  condensation  conducted  in  alcoholic  solution 
yields  the  cw-modification  only. 


HAH  BISON  AND  SONS,  Printers  in  Ordinary  to  Her  Majesty,  St.  Martin's  Lane. 
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Substituted  pimelic  acids. 

By  A.  W.  CEOSSLET,  B.Sc.,  Ph.D  ,  Berkeley  Fellow  of  the  Owens 
College,  and  W.  H.  PERKIN,  Jun. 

SOME  time  since  (Trans.,  1891,  59,  818)  one  of  us,  in  conjunction 
with  Mr.  Bertram  Prentice,  described  a  method  of  preparing  aardi- 
substituted  pimelic  acids,  which,  briefly  stated,  is  as  follows.  The 
disodium  derivative  of  ethylic  pentanetetracarboxylate  is  digested 
with  the  iodide  of  a  radicle  (RI),  and  thus  converted  into  a  di-deriva- 
tive  of  this  ethereal  salt. 

(COOC2H5)2C]Sra-[CH2]3-C]Sra(COOC2H6)2  +  2RI  = 

(COOC2H5)2CR-[CH2]3-CR(COOC2H6)2  +  2NaI. 

On  hydrolysis,  this  salt  yields  the  corresponding  tetrabasic  acid, 
which,  when  heated  at  about  200°,  loses  2  mols.  of  carbon  dioxide, 
forming  an  aardisubstituted-pimelic  acid. 

(COOH)2CR-[CH2>CR(COOH)2  = 

COOH-CHR-[CH2]3-CHR-COOH  +  2CO2. 

With  the  object  of  preparing  mono-  substituted  pimelic  acids,  ex- 
periments were  made  on  the  action  of  alkyl  haloids  on  ethylic 
pentanetetracarboxylate  in  the  presence  of  only  1  mol.  of  sodium 
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ethylate ;  but  these  were  not  successful,  as,  in  such  cases,  half  of  the 
ethylic  pentanetetracarboxylate  remained  unacted  on,  the  other  half 
having  been  converted  into  a  disubstitution  product  (Joe.  cit.,  p.  819). 

In  continuing  the  study  of  this  subject,  various  modifications  of 
the  above  synthetical  method  were  tried,  in  the  hope  of  discovering 
some  means  by  which  not  only  mono-substituted  pimelic  acids,  but 
also  aa^disubstituted  pimelic  acids,  containing  two  different  radicles 
of  the  type  COOH-CHR-[CH2]3-CHR'-COOH,  might  be  prepared; 
this  was  ultimately  accomplished  in  several  ways. 

When  trimethylene  chlorobromide  (owi-chlorobromopropane, 
CH2Cl'CH2'CH2Br)  acts  on  the  sodium  derivative  of  ethylic  ethyl- 
malonate,  ethylic  o>chloropropylethyl  malonate  is  produced,  thus. 

(COOC2H6)2CNa-C2H5  +  CH2Br-CH2-CH2Cl  = 

(COOC2H6)2C(C2H6)-CH2-CH2-CH2C1  +  NaBr, 

and  this  substance,  when  digested  in  alcoholic  solution  with  the 
sodium  derivative  of  ethylic  malonate,  yields  ethylic  ethylpentane- 
tetracarboxylate, 

(COOC2H5)2C(C2H5)-CH2-CH2-CH2C1  +  CHN"a(COOC2H5)2  = 

(COOC2H5)2C(C2H5)-CH2-CH2-CH2-CH(COOC2H5)2  +  NaCl. 

On  hydrolysis,  this  ethereal  salt  yields  an  acid,  which  at  200°  loses 
carbon  dioxide,  forming  ethylpimelic  acid. 
(COOH)2C(C2H5)-[CH2]3-CH(COOH)2  = 

COOH-CH(C2H5)-[CH2]3  CEyCOOH  +  2CO2. 

The  new  acid  was  purified  by  first  converting  it  into  its  ethylic  salt, 
and  then,  after  f ractionation,  reconverting  this  into  the  acid  by  hydro- 
lys's ;  the  oily  product  was  subsequently  distilled  under  reduced 
pressure,  when  it  boiled  constantly  at  260 — 265°  (82  mm.),  but  did 
not  solidify,  even  after  many  weeks ;  it  gave  a  crystalline  dianilide, 
C2iH24N202  (m.  p.  145°),  however,  which,  although  not  a  very  charac- 
teristic compound,  might  possibly  serve  for  the  identification  of  the 
acid. 

The  next  acid  which  was  prepared  was  ethylmethylnimelic  acid, 
COOH-CH(C2H5)-[CH2]3-CH(CH3)-COOH.  The  method  used  in 
synthesising  it,  and  which  worked  very  well,  differs  in  some  respects 
from  that  described  above,  and  is  briefly  as  follows. 

In  the  first  place,  the  sodium  derivative  of  ethylic  ethylmalonate 
was  digested  in  alcoholic  solution  with  chloromethoxypropane  (Trans., 
1894,  65,  596),  when  the  following  interaction  took  place. 

(COOC2H5)2CNa(C2H5)  +  CH2C1-CH2-CH2-OCH3  = 

(COOC2H5)2C(C2H5)-CH2-CH2-CH2-OCH3  +  NaCl. 

The    methylic*    methoxypropylethylmalonate   obtained   was    con- 

*  By  mistake,  methylic  alcohol  was  used  as  the  solvent  instead  of  ethylic  alcohol 
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verted  into  the  corresponding  acid  by  hydrolysis  ;  this,  on  distilla- 
tion, is  decomposed,  evolving  carbon  dioxide  and  forming  methoxy- 
propylethylacetic  acid. 

(COOH)2C(C2H6)-[CH2]3-OCH3  = 

COOH-CH(C2H6)-[CH2]3-OCH3  +  C02. 

On  treatment  with  hydrobromic  acid,  this  methoxy-acid  yields 
bromopropylethylacetic  acid,  the  ethereal  salt  of  which  readily 
interacts  with  the  sodium  derivative  of  ethylic  methylmalonate,  yield- 
ing ethylic  ethylmethylpentanetricarboxylate,  thus. 

(COOC2H5)2CNa-CH3  +  CH2Br-CH2-CH2-CH(C2H6)-COOC2H5  = 
(COOC2H5)2C(CH3)-CH2-CH2-CH2-CH(C2H5)-COOC2H5  +  NaBr. 

Lastly,  this  ethereal  salt,  on  hydrolysis,  is  converted  into  the 
corresponding  tricarboxylic  acid,  from  which,  by  heating  at  200°  and 
subsequent  distillation,  ethylmethylpimelic  acid, 

COOH-CH(C2H5)-[CH2]3-CH(CH3>COOH, 
is  obtained  in  the  usual  manner. 

This  acid  boiled  constantly  at  265 — 270°,  under  a  pressure  of  80  mm. 
It  remained  as  an  oil  during  several  weeks,  but  was  put  aside,  and  at 
the  end  of  about  four  months  was  found  to  have  deposited  crystals ; 
these,  after  repeated  recrystallisation,  melted  at  78°. 

It  seems  probable  that  this  acid  exists  in  two  stereoisomeric  forms ; 
this  would  account  for  the  extreme  slowness  with  which  the  oily  acid 
crystallises,  and  also  for  the  great  difficulty  experienced  in  purifying 
it  by  recrystallisation ;  we  propose  to  further  investigate  this  subject, 
and  also  to  prepare  several  other  substituted  pimelic  acids,  some  of 
which  it  is  expected  will  have  interesting  properties. 

Ethylpimelic  acid,  COOH-CH(C2H6)-[CH2]3-CH2-COOH. 

The  first  experiments  made  with  the  object  of  preparing  this  acid 
were  carried  out  as  follows. 

Sodium  (2'3  grams)  was  dissolved  in  absolute  alcohol  (25  grams), 
the  well-cooled  solution  mixed  with  carefully  purified  ethylic  ethyl- 
malonate  (18'8  grams)  and  trimethylene  bromide  (21  grams),  and 
the  whole  heated  in  a  reflux  apparatus  for  one  hour,  when  the  mix- 
ture was  found  to  be  neutral. 

The  product  contains  a  bromo-derivative,  which  was  not  analysed, 
but  obviously  consists  of  ethylic  bromopropylethylmalonate, 

(COOC2H5)2C(C2H6)-CH2-CH2-CH2Br; 
this  was  mixed  with  sodium  (2- 7  grams),  previously  dissolved  in  ab- 

in  these  experiments.  The  product,  therefore,  consisted  of  the  methylic  salt,  an 
interchange  of  an  alkyl  radicle  haying  taken  place  (compare  Purdie  and  Marshall, 
Trans.,  1888,  53,  391). 
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solute  alcohol  (25  grams),  ethylic  malonate  (16  grams)  added,  and 
the  mixture  heated  in  a  reflux  apparatus  for  three  hours,  when  it  was 
found  to  be  almost  neutral.  Water  was  now  added,  and  the  precipi- 
tated oil  extracted  by  agitating  thrice  with  ether ;  the  ethereal  solu- 
tion was  then  washed  with  water,  dried  over  calcium  chloride,  the 
ether  distilled  off,  and  the  residual  light  yellow  oil  submitted  to 
careful  fractionatiori  under  reduced  pressure.  In  this  way,  a  colour- 
less oil  was  obtained,  boiling  constantly  at  275°  under  a  pressure  of 
75  mm.,  and  giving,  on  analysis,  numbers  agreeing  with  those  re- 
quired for  ethylic  ethylpentauetetracarboxylate, 

(COOC.H6)2C(C2H5)-[CH2]3-CH(COOC2H5)2. 

Found.  Theory.  C19H32O8. 

C 5873  per  cent.  58'76  per  cent. 

H 8-46        „  8-24 

This  oil  was  hydrolysed  by  boiling  with  excess  of  alcoholic  potash 
for  three  hours ;  the  alkaline  product  was  then  diluted  with  water, 
evaporated  till  free  from  alcohol,  acidified,  and  extracted  ten  times 
with  ether.  On  drying  over  calcium  chloride,  and  evaporating  the 
ether,  a  thick,  colourless  oil  was  left ;  this  was  heated  at  200°  until 
no  further  evolution  of  carbon  dioxide  took  place,  and  then  rapidly 
distilled  under  reduced  pressure;  nearly  the  whole  passed  over 
between  250°  and  2(50°  (70  mm.),  and;  on  analysis,  gave  the  following 
results. 

Found.  Theory.  C9H16O4. 

C  57'82  per  cent.  57'44  per  cent. 

H 8-75         „  8-51 

These  numbers  agree  fairly  well  with  those  required  for  ethylpimelic 
acid,  COOH-CH(C2H6)-[CH2]3-CH2-COOH,  and  judging  from  the 
results  of  subsequent  experiments,  there  can  be  no  doubt  that  it  con- 
sisted of  this  acid  iu  a  nearly  pure  state. 

As  this  acid,  even  after  long  standing,  showed  no  signs  of  crystal- 
lising (which  is  remarkable  in  consideration  of  the  fact  that  pimelic 
acid  and  all  its  alkyl-derivatives  which  have  hitherto  been  piepared, 
are  solids),  it  was  assumed  that  this  behaviour  was  due  to  impurity,  a 
supposition  borne  out  by  the  above  analyses,  the  rather  high  values 
for  carbon  and  hydrogen  found  indicating  the  presence  of  traces  of 
diethylpimelic  acid,  COOH-CH(C2H5)-[CH2]3-CH(C2H5),COOH. 

The  preparation  of  the  acid  was  therefore  modified  in  the  following 
way. 

Sodium  (3'6  grams),  dissolved  in  alcohol  (50  grams),  was  mixed 
with  ethylic  ethylmalonate  (29  grams)  and  trimethyleiie  chlorobro- 
mide  (24  grams),  and  heated  as  before  until  neutral.  Water  was  then 
added,  the  oily  product  of  the  reaction  extracted  with  ether,  the 
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ethereal  solution  well  washed  with  water,  dried  over  calcium,  chloride 
evaporated,  and  the  residual  oil  allowed  to  remain  for  some  days 
over  sulphuric  acid  in  a  vacuum. 

The  analyses  of  this  preparation  gave  the  following  results,  which 
agree  only  approximately  with  those  for  ethylic  chloropropylethyl- 
malonate  (COOC2H5)2C(C2H5)-CH2-CH3-CH2C1. 
Found. 


Theory. 
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II.  C12H21O4C1. 

Cl 11-43         11-52  per  cent.  13'42  per  cent. 

This  oily  substance  was  then  digested  with  sodium  ethoxide 
(3' 6  grams  sodium  dissolved  in  50  grams  of  alcohol)  and  ethylic 
maloiiate  (24  grams)  until  the  product  was  quite  neutral ;  water  was 
added,  the  oily  ethereal  salt  extracted  as  before,  and  purified  by  frac- 
tional distillation  under  reduced  pressure.  The  greater  part  distilled 
at  270 — 275°  (75  mm.  pressure),  and  consisted  of  ethylic  ethylpen- 
tanetetracarboxylate. 

This  was  hydrolysed  with  alcoholic  potash  as  before,  and  the 
resulting  crude  ethylpimelic  acid,  which,  again,  did  not  crystallise, 
purified  by  conversion  into  its  ethylic  salt  in  the  following  way. 

The  crude  acid  was  dissolved  in  about  five  times  its  bulk  of 
absolute  ethylic  alcohol,  mixed  gradually  with  one-third  of  its  volume 
of  concentrated  sulphuric  acid,  and  the  mixture  allowed  to  stand  for 
48  hours  ;  at  the  end  of  this  time  it  was  diluted  with  water,  the  oily 
ethereal  salt  extracted  with  ether,  the  ethereal  solution  washed  with 
dilute  sodium  carbonate  solution,  dried  over  potassium  carbonate, 
evaporated,  and  the  brownish,  oily  residue  purified  by  fractionation 
under  reduced  pressure. 

Ethylic  ethylpimelate,  COOC2H5-CH(C2H5)-[CH2]4-COOC2H5,  is  a 
colourless,  oily  liquid,  possessing  a  faint  smell,  and  boiling  at 
198 — 200°  under  a  pressure  of  83  mm. 

Found.  Theory.  C13H24O4. 

C 64-17  per  cent.  63'93  per  cent. 

H 10-27        „  9-83 

This  ethylic  salt  was  hydrolysed  by  boiling  with  alcoholic  potash, 
and  the  ethylpimelic  acid  formed  was  extracted  with  ether,  dried  with 
calcium  chloride,  and  fractioned  ;  almost  the  whole  passed  over  as  a 
colourless  oil  between  260°  and  265°  under  a  pressure  of  82  mm.  It 
gave  the  following  results  on  analysis. 

Found.  Theory.  C9H16O4. 

C , 57-76  percent.  5  7 '44  per  cent. 

H 8-73         „  8-51 

In  this  case,  also,  the  acid  could  not  be  made  to  crystallise,  so  that 

6  2 
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we  must  conclude  either  that  ethyl pimelic  acid  is  an  oil,  or,  that  when 
prepared  by  the  above  methods,  small  quantities  of  impurities  are 
present  which  prevent  it  from  crystallising. 

Anilide  of  etliylpimelic  acid, 
C6H5-NH-CO-CH(C2H5)-[CH2]4-CO-NH-C6H5. 

In  order,  if  possible,  to  obtain  a  crystalline  anilide  of  this  acid,  by 
means  of  which  the  acid  might  be  identified,  a  portion  of  the  sub- 
stance was  digested  for  20  hours  in  a  reflux  apparatus  with  about 
four  times  its  volume  of  pure  aniline.  The  dark  coloured  product 
was  dissolved  in  ether,  the  ethereal  solution  well  washed  with  dilute 
hydrochloric  acid  to  remove  excess  of  aniline,  dried  over  calcium 
chloride  and  evaporated  ;  the  thick,  oily  residue,  after  standing  over 
sulphuric  acid  in  a  vacuum  for  a  time,  partially  solidified.  This 
crude  substance,  after  being  washed  with  ether  and  crystallised 
several  times  from  benzene,  was  obtained  as  a  colourless,  indistinctly 
crystalline  powder,  melting  at  145°  ;  on  analysis  it  gave  the  following 

numbers. 

Found.  Theory.  C21H24]Sr2O.j. 

C 74*39  per  cent.  74'55  per  cent. 

H   8-10        „  7-69        „ 

N 8-29         „  8-25 

It  is  readily  soluble  in  hot  benzene,  alcohol,  and  chloroform,  but 
only  sparingly  in  light  petroleum. 

Ethylmothylpimelic  acid,  COOH-CH(C2H5)-[CH2]3-CH(CH3)-COOH. 

The  method  employed  in  the  synthesis  of  this  disubstituted  pimelic 
acid,  containing  two  differei  t  radicles,  was  somewhat  different  from 
that  used  for  ethylpimelic  acid,  and  is  probably  applicable  in  the  case 
of  all  similarly  constituted  acids. 

Sodium  (2 '3  grams)  was  dissolved  in  absolute  methylic  alcohol 
(30  grams),  ethylic  ethylmalonate  (18'8  grams)  added,  and  then 
chloromethoxypropane  (10' 8  grams),  when  a  vigorous  action  set  in  ; 
as  soon  as  this  had  subsided,  the  mixture  was  heated  in  a  reflux 
apparatus  for  about  an  hour  and  a  half,  and  after  diluting  with 
water,  extracting  with  ether,  &c.,  as  in  the  case  of  ethylic  ethyl- 
pentanetetracarboxylate  (p.  990),  was  submitted  to  fractionation 
under  reduced  pressure,  when  the  greater  part  distilled  at  180° 
(43  mm.).  On  analysis  it  gave  the  following  results. 

Found.  Theory. 

L~        ~~n.  ciinaA.   c13H24<J 

C 55-17         55-97  per  cent.  56-89         5977  per  cent. 

H.,  8-34          8-64  8'62          9-23 
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These   numbers   agree  best  with   the    formula   CnH2o05,    that    of 
methylic  methoxypropylethylmalonate, 

CH30-[CH2]3-C(C.H5)(COOCH3)2, 

the  formation  of  which  is  explained  in  the  introduction,  the  slight 
deficiency  in  carbon  and  hydrogen  being  due  to  the  fact  that  the  oil 
contains  traces  of  chlorine. 

This  methylic  salt  yielded  the  acid  on  hydrolysis,  which  was 
purified  by  fractionation  under  ordinary  pressure.  The  whole  passed 
over  between  240  and  255°,  and  a  portion  boiling  at  250°  gave  the 
following  results  on  analysis. 

Found.  Theory.  C8H16O3. 

C 59-82  per  cent.  60*00  per  cent. 

H 10-47         „  10-00 

Metkoxypropylethylacetic  acid,  COOH-CH(C2H5>[CH2]3-OCH3,  is  a 
thick,  colourless  oil,  which  did  not  solidify  after  standing  for  two 
days  ;  when  heated  with  hydrobromic  acid  it  is  readily  converted  into 
Iromopropylethylacetic  acid,  COOH-CH(C2H5)-CH2-CH2-CH2Br. 

In  order  to  prepare  this  substance  the  methoxy-acid  was  dissolved 
in  twice  its  volume  of  fuming  hydrobromic  acid,  and  the  solution 
heated  in  a  sealed  tube  at  150°  for  two  hours.  On  cooling,  it  was 
observed  that  two  distinct  layers  had  formed,  and  on  pouring  the 
product  into  water  a  heavy  oil  was  deposited ;  this  was  extracted  by 
agitation  with  ether,  the  ethereal  solution  washed  with  water,  dried 
over  calcium  chloride,  and  evaporated.  The  dark  brown,  oily  acid 
thus  obtained  did  not  solidify,  and  as  it  could  not  be  purified  by  frac- 
tional distillation,  was  directly  submitted  to  analysis.  The  numbers 
obtained  agree  only  approximately  with  those  required  for  bromo- 
propylethylacetic  acid. 

Found.  Theory.  C7Hi3O2Br. 

Br 35-27  per  cent.  38'27  per  cent. 

The  acid  was  converted  into  the  ethylic  salt  by  dissolving  it  in 
ethylic  alcohol,  saturating  the  solution  with  hydrogen  chloride,  and, 
after  24  hours,  pouring  the  product  into  water ;  the  oily  layer  was 
extracted  with  ether,  and  the  ethereal  solution  washed  with  sodium 
carbonate  solution,  dried  over  calcium  chloride,  and  evaporated. 

In  order  to  obtain  ethylic  ethylmethylpentanetricarboxylate, 
COOC2H5-CH(C2H5)-[CH2]3-C(CH3)(COOC2H5)2,  the  sodium  com- 
pound  of  ethylic  methylmalonate  was  prepared  by  adding  ethylic 
methylmalonate  (17  grams)  to  a  solution  of  sodium  (2  grams)  in 
ethylic  alcohol  (25  grams),  ethylic  bromopropylethylacetate  (20 
grams)  was  then  added,  and  the  mixture  heated  for  2^  hours  in.  a 
reflux  apparatus.  On  adding  water,  extracting  with  ether  &c.,  in 
the  usual  manner,  and  purifying  the  product  by  fractionation  under 
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reduced  pressure,  almost  the  whole  distilled  at  227 — 230°  (60  mm. 
pressure).     It  gave  the  following  results  on  analysis. 

Found. 

( * >,  Theory. 

I.                II.  C17H3006. 

C 62-05         61-92  per  cent.  61'81  per  cent. 

H 9-86          9-31        „  9-09 

The  fraction  of  this  substance  boiling  at  227 — 230°  (60  mm.)  was 
then  hydrolysed  by  boiling  with  alcoholic  potash,  and  the  free  acid 
obtained  by  extracting  with  ether,  &c.,  in  the  usual  manner.  On  heat- 
ing it  at  200°  until  no  further  evolution  of  carbon  dioxide  was  notice- 
able, and  purifying  the  residual  dark  brown,  oily  acid  by  distillation 
under  reduced  pressure  almost  the  whole  passed  over  at  265 — 270° 
(80  mm.).  It  gave  the  following  results  on  analysis. 

Theory. 
Found.          COOH-CH(CH3)-[CR2J3-CH(C2H5)-COOH. 

C 59-28  per  cent.  59-40  per  cent. 

H 9-43         „  8-91 

These  numbers  agree  well  with  those  required  for  ethylmethyl- 
pimelic  acid,  and  the  formula  of  the  acid  was  further  corroborated 
by  preparing  and  analysing  the  silver  salt. 

A  small  quantity  of  the  acid  was  neutralised  with  ammonia  solu- 
tion, and  a  few  drops  of  dilate  silver  nitrate  added ;  after  filtration 
from  the  slight  precipitate,  the  clear  liquid  was  heated  to  boiling  and 
precipitated  by  adding  a  large  excess  of  silver  nitrate.  The  white, 
insoluble  silver  salt  was  collected,  well  washed  with  water,  and 
analysed  with  the  following  results. 

Found. 

( * ^  Theory. 

I.  II.  C10H1604Ag2. 

Ag 51-68         51-72  per  cent.  51*92  per  cent. 

The  acid  remained  liquid  for  a  long  time,  but  after  standing  for 
four  months  it  gradually  deposited  crystals,  and  became  semi-solid  ; 
the  oil  was  gradually  absorbed  when  the  crystals  were  left  in  contact 
with  porous  porcelain,  leaving  a  mass  of  almost  colourless  crystals, 
which  melted  approximately  at  58°. 

By  repeated  recrystallisation  from  water,  with  the  aid  of  animal 
charcoal,  the  crude  product  yielded  a  magnificent  crystalline  acid, 
which  melted  at  78°  and  gave  the  following  results  on  analysis. 

Found.  Theory.    C10H18O4. 

C 59'51  per  cent.  59'45  per  cent. 

H 9-10        „  8-91 

Ethylmethylpimelic  acid  crystallises  from  water  in  large,  trans- 
parent, glistening  prisms ;  it  is  sparingly  soluble  in  cold  water,  and 
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is  deposited  from  the  hot,  concentrated  aqueous  solution,  on  cooling, 
as  an  oil,  which  crystallises  rapidly  if  stirred  with  a  glass  rod. 

The  aqueous  mother-liquors  of  the  acid,  on  concentration,  yield 
different  fractions  of  crystalline  acids,  which  melt  roughly  between 
60°  and  75°,  and  presumably  contain  a  second  isomeride  of  ethyl- 
methylpimelic  acid.  Owing,  however,  to  the  very  small  quantity  of 
material  at  our  disposal,  this  second  acid,  if  present,  could  not  be 
isolated,  and  for  this  reason  we  could  not  recrystallise  the  ethyl- 
pimelic  acid  (m.  p.  78°)  as  often  as  we  could  have  wished,  and  give, 
therefore,  the  melting-point  of  this  acid  only  as  a  close  approxima- 
tion. 

Chemical  Laboratory, 

Owens  College,  Manchester. 
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[From  the  Transactions  of  the  Chemical  Society,  1806.] 


Note  on  the  preparation  of  glycol. 
By  EDWARD  HAWORTH,  B.Sc.,  and  WILLIAM  HENRY  PERKIN,  Jun. 

IN  preparing  glycol  by  the  usual  method,  namely,  digesting  ethylene 
dibromide  with  potassium  carbonate  solution,  evaporating  the  product 
nearly  to  dryness,  and  extracting  the  glycol  by  means  of  a  mixture 
of  ether  and  alcohol,  a  very  small  yield  only  is  obtained,  due  prin- 
cipally to  the  volatility  of  the  glycol  with  steam,  and  consequent  loss 
during  the  evaporation. 

As   we    required    a    considerable    quantity   of   glycol    for    some 
synthetical  work,  we  made  many  experiments  with  the   object   of 
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improving  the  method  of  preparation,  and  found  that  by  the  following 
simple  modifications  of  the  usual  process,  the  yield  may  be  greatly 
increased. 

In  the  first  place,  potassium  carbonate  (138  grams)  is  dissolved  in 
water  (1  litre),  and  the  solution  boiled  in  a  stout,  round-bottomed 
flask  with  ethylene  dibromide  (188  grams)  in  a  reflux  apparatus,  from 
the  top  of  which  a  glass  tube  leads  to  a  couple  of  wash  bottles  con- 
taining  bromine.  When  almost  all  the  oily  drops  have  disappeared 
(which  is  usually  the  case  after  8 — 10  hours),  the  same  quantities  of 
potassium  carbonate  and  ethylene  dibromide  are  again  added  to  the 
solution,  and  the  boiling  continued  as  before;  the  operation  being 
repeated  until  1128  grams  of  ethylene  dibromide  have  been  de- 
composed. 

After  the  third  addition  of  ethylene  dibromide,  crystals  of  potassium 
bromide  separate  on  standing  over  night.  These  (and  those  which 
separate  after  each  succeeding  operation)  are  removed  in  the  morn- 
ing, by  filtration  on  a  vacuum  pump,  before  the  action  is  again 
started.  The  crystals  are  then  washed  with  absolute  methylated 
spirit,  the  washings  being  subsequently  used  for  the  isolation  of  the 
glycol,  as  explained  below.  After  the  decomposition  of  the  ethylene 
dibromide  is  complete,  the  solution  of  glycol  is  heated  in  an  oil  bath 
to  slowly  distil  off  the  water,  using  a  colonna  to  prevent,  as  far  as 
possible,  loss  of  glycol  by  evaporation. 

When  the  distillation  has  continued  some  time,  the  liquid  begins 
to  bump  violently,  owing  to  the  separation  of  potassium  bromide. 
The  solution  is  now  cooled,  the  crystals  of  potassium  bromide  removed, 
as  before,  and  the  distillation  then  continued.  All  the  water  which 
distils  over  should  be  carefully  preserved  for  use  in  a  subsequent 
preparation.  When  the  solution  becomes  very  viscid,  and  the  tem- 
perature of  the  vapour  passing  over  begins  to  rise,  the  distilla- 
tion is  stopped,  and  the  residue  is  mixed  with  the  methylated 
spirit  employed  in  washing  the  potassium  bromide  crystals,  as 
explained  above.  After  standing  for  some  time,  the  crystals  of 
potassium  bromide,  which  separate  in  quantity,  are  removed  by  filtra- 
tion on  the  pump,  washed  with  absolute  methylated  spirit,  and  the 
combined  alcoholic  extracts  concentrated  by  slow  distillation,  as 
before,  from  a  flask  fitted  with  a  colonna. 

The  residue  is  then  again  treated  with  absolute  methylated  spirit, 
which  separates  more  potassium  bromide  ;  this  treatment  is  repeated, 
now  using  a  mixture  of  alcohol  and  ether,  until  almost  the  whole  of 
the  potassium  bromide  has  been  removed. 

The  solvent  is  then  removed  by  distillation,  and  the  residual  glycol 
fractionated,  first  under  reduced  pressure,  and  finally  at  the  ordinary 
pressure. 
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The  yield  of  glycol  obtained  in  this  way  is  about  50 — 60  per  cent. 
of  the  theoretical,  and  we  have  found  it  practicable  in  one  apparatus 
to  prepare  1  kilo,  of  glycol  in  about  10 — 14  days. 

During  the  action,  considerable  quantities  of  vinylic  bromide  are 
formed ;  this  is  absorbed  by  the  bromine  in  the  wash  bottles,  and  by 
subsequently  treating  the  product  with  dilute  potash,  to  remove  the 
excess  of  bromine,  and  fractionation,  tribromethylene,  CH2Br*CHBr2, 
is  readily  obtained  in  a  pure  state. 

Owens  College, 
Manchester. 
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Note  on  7-Acetobutyric  acid,  CH3-CO  CH2-CH2-CH2-COOH. 

By  W.  H.  BENTLET  and  W.  H.  PRRKTN,  jun. 

DURING  the  course  of  an  investigation  on  sulphocamphylic  acid,  the 
results  of  which,  it  is  hoped,  will  soon  be  ready  for  publication,  a 
ketonic  acid  was  obtained,  which  had  many  properties  in  common 
with,  and  was  for  a  long  time  thought  to  be,  7-acetobutyric  acid. 
This  acid  has  already  been  prepared  by  Wolff  (Annalen,  1883,  216, 
129)  from  ethylic  acetylglutarate,  by  hydrolysis  with  dilute  hydro- 
chloric acid, 

CH3-CO-CH(COOC2H6)-CH2-CH2-COOC2H5  +  2H20  = 

CH3-CO-CH2-CH2-CH2-COOH  +  CO2  +  2C2H5-OH, 

and  by  Lipp  (J?er.,  1885,  18,  3251),  by  the  oxidation  of  acetobutylic 
alcohol,  CH3-CO-CH2-CH2-CHyCH2-OH,  with  potassium  dichromate 
and  sulphuric  acid.  . 

It  is  a  colourless  oil,  which  boils  at  274 — 275°  with  slight  decom- 
position ;  it  solidifies  in  a  freezing  mixture  with  difficulty,  the  crys- 
talline substance  melting  at  13°,  whilst  with  water  it  yields  a 
crystalline  hydrate,  CH3-C(OH)2-CH2-CH2-CH2-COOH,  which  melts 
at  35 — 36°.  As  these  properties  of  acetobutyric  acid  proved  to  be 
altogether  insufficient  for  the  purposes  of  comparison  with  the  acid 
obtained  from  sulphocamphylic  acid,  we  have  prepared  considerable 
quantities  of  the  former  and  carefully  examined  two  new  derivatives, 
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namely,  tlie  osrime,  CH3-C(NOH)-CH./CH2-CH2-COOH  (m.  p.  104— 
105°),   and   the  semicarbazone,   G^'G<^'^^^°°H   O-  P- 

173 — 174°),  which  are  well  characterised,  and  will  serve  in  future  for 
the  identification  of  the  acid. 

At  the  same  time,  we  have  introduced  some  improvements  into  the 
preparation  of  this  acid,  and  hope  that  the  following  short  account 
will  be  of  value  to  subsequent  investigators. 

Preparation  of  y- Acetobutyric  acid,  CH3-CO'CH2-CHyCH2'COOH. 

The  method  which  we  employed  in  the  preparation  of  this  acid  was 
similar  to  that  recommended  by  Wolff  and  mentioned  above,  namely, 
by  the  hydrolysis  of  ethylic  acetoglutarate.  Sodium  (3*4  grams)  is 
dissolved  in  alcohol  (45  grams),  and  to  the  well-cooled  solution,  first 
ethylic  acetoacetate  (19  grams)  and  then  ethylic  /3-iodopropionate 
(33  grams)  are  added.  The  reaction  takes  place  readily,  the  mix- 
ture getting  quite  hot;  after  standing  for  half  an  hour,  the  whole  is 
heated  on  a  water  bath  for  two  hours,  water  is  then  added,  and  the 
oily  product  extracted  with  ether.  The  ethereal  solution  after  being 
well  washed  with  water  containing  a  little  sulphurous  acid  to  remove 
traces  of  iodine,  is  dried  over  calcium  chloride,  evaporated,  and  the 
oily  residue,  which  weighs  about  26  grams,  is  purified  by  distillation 
under  reduced  pressure  (50  mm.).  The  crude  substance  commences 
to  boil  at  130°,  but,  after  a  few  drops  have  passed  over,  the  tempera- 
ture rises  rapidly  to  190°,  and  nearly  the  whole  passes  over  between 
this  and  200°,  a  small  quantity  only  of  a  residue  of  high  boiling  point 
remaining  in  the  retort.  Pure  ethylic  acetylglutarate  is  a  colourless 
oil,  which  boils  at  195—197°  (50  mm.);  on  analysis,  it  gave  the 
following  result. 

0-1180  gave  0-2478  C02  and  0-0845  H2O.     C  =  57-27 ;  H  =  7'94. 
GuHuO.-  requires  C  =  57'39  ;  H  =  7'83  per  cent. 

It  is  best  to  distil  this  ethereal  salt  under  reduced  pressure,  as  it  is 
then  readily  obtained  pure,  whereas,  if  distilled  at  the  ordinary  pres- 
sure, as  recommended  by  Wislicenus  and  Limpach,  it  decomposes 
somewhat,  owing  to  the  high  temperature  at  which  it  boils  (271 — 272°). 

In  order  to  obtain  acetobutyric  acid,  the  fraction  of  the  ethereal 
salt  distilling  at  190 — 200°  (50  mm.)  is  boiled  in  a  reflux  apparatus 
with  5  vols.  of  dilute  hydrochloric  acid  (1  vol.  of  concentrated  acid  to 
2  vols.  of  water).  The  oily  layer  rapidly  disappears  with  evolution 
of  carbon  dioxide,  and  hydrolysis  is  complete  after  five  hours,  although 
Wolff  recommends  boiling  for  8 — 10  hours.  In  order  to  isolate  the 
product,  Wolff  fractionated  the  hydrochloric  acid  liquid  direct,  but  this 
always  causes  considerable  decomposition  of  the  acetobutyric  acid, 
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and  we  found  that  a  mucli  better  result  was  obtained  by  proceeding 
as  follows.  The  acid  liquid,  while  still  warm,  is  saturated  with 
ammonium  sulphate,  and  the  acetobutjric  acid,  nearly  the  whole  of 
which  separates  on  the  surface  as  an  oily  liquid,  is  extracted  six  times 
with  ether.  The  ethereal  solution  is  dried  over  calcium  chloride, 
evaporated,  and  the  residual,  almost  colourless  oil  is  fractionated 
under  reduced  pressure,  when  almost  the  whole  distils  at  195 — 200° 
(65  mm.),  the  yield  being  about  85  per  cent,  of  the  theoretical. 

0-1322  gave  O2676  C02  and  O0926  H20.     C  =  55-20;  H  =  7'79. 
C6H10O3  requires  C  =  55'38  ;  H  =  7' 69  per  cent. 

The  acetobutyric  acid  prepared  in  this  way  was  a  perfectly  colour- 
less, moderately  thick  oil,  which  when  mixed  with  a  little  water 
rapidly  solidified  to  colourless  crystals  of  the  hydrate 

CH3'C(OH)3-CH2-CH3-CH2-COOH. 

Oxidation  with  Nitric  acid. — A  few  grams  of  the  pure  acid  were 
gently  heated  with  nitric  acid  (sp.  gr.  1'2)  in  a  reflux  apparatus, 
when  oxidation  soon  commenced,  red  fumes  being  copiously  evolved. 
After  boiling  for  about  two  hours,  the  product  was  diluted  with 
water,  evaporated  to  dryness  on  the  water  bath,  and  the  crystal- 
line residue,  after  being  left  in  contact  with  porous  porcelain  until 
colourless,  was  recrystallised  from  concentrated  hydrochloric  acid. 
The  colourless  crystals  which  separated  melted  at  180 — 183°,  and 
were  found  to  consist  of  pure  succinic  acid,  the  oxidation  having 
taken  place  at  the  7-CH2  group  marked  *, 

CH3-CO-CE2-CH2-CH2»COOH. 

It  was  at  first  thought  probable  that  the  reaction  might  take  place 
in  such  a  way  that  glutaric  acid  would  be  produced ;  probably  this 
acid  is  formed  when  bromine  in  presence  of  potash  is  used  as  the 
oxidising  agent,  as  in  this  case  quantities  of  tetrabromomethane, 
CBr4,  are  deposited  in  a  crystalline  condition. 

Oxime  of  Acetobutyric  acid,  CH3-C(NOH)-CH2-CH2-CH2-COOH. 

This  was  prepared  by  dissolving  hydro xylamine  hydrochloride 
(5  grams)  in  a  small  quantity  of  water,  adding  acetobutyric  acid 
(6  grams)  and  then,  after  cooling,  mixing  the  clear  solution  with  a 
concentrated  solution  of  potash  (7  grams).  After  20  hours,  the 
liquid  was  acidified,  saturated  with  ammonium  sulphate,  and 
extracted  at  least  25  times  with  ether.  The  ethereal  solution  was 
dried  over  calcium  chloride,  evaporated,  and  the  solid  residue  purified 
by  recrystallisation  from  benzene. 

0-1563  gave  13  c.c.  moist  nitrogen  at  18°  and  760  mm.     N  =  9'60. 
requires  N  =  9'65  per  cent. 
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The  oxime  of  acetobutyric  acid  crystallises  from  benzene  in  colour- 
less prisms,  and  melts  at  104 — 105°.  It  is  readily  soluble  in  alcohol, 
water,  and  hot  benzene,  but  only  sparingly  in  ether,  light  petroleum, 
or  cold  benzene. 

4         i     -i       i         •  -j  '  7  f^TT     f~\  ^^  -H-2*C'Jli.2i 

Acetobutyric  acid  semicarbazone,  ^-"-s'^^fj.-pjTT.p 

In  order  to  prepare  this  substance,  semioarbazide  hydrochloride 
was  dissolved  in  a  very  little  warm  water,  the  solution  mixed  with 
an  equal  quantity  of  hot  concentrated  sodium  acetate  solution,  the 
acetobutyric  acid  added,  and  the  clear  liquid  heated  to  boiling  for  a  few 
seconds  ;  on  cooling,  the  semicarbazone  rapidly  separated  in  crystals, 
which,  after  standing  over  night,  were  collected,  washed,  arid 
purified  by  recrystallisation  from  a  little  hot  water. 

0-1016  gave  20  c.c  moist  nitrogen  at  19°  and  758  mm.     N  =  22'56. 

C7H13N303  requires  N  =  22'46  per  cent. 

Acetobutyric  acid  semicarlazone,  when  heated  in  a  capillary  tube, 
softens  at  168°,  and  melts  and  decomposes  at  173 — 174°.  It  is  readily 
soluble  in  hot  water,  and  crystallises  from  the  solution  on  cooling  in 
colourless,  glistening  needles. 
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By  WILLIAM  HENRY  BENTLEY  and  WILLIAM  HENRY  PERKIN,  Jun. 

KACHLER  (Annalen,  1873,  169,  183)  first  showed  that  sulphocamphylic 
acid,  C9H14SO5,  is  decomposed  when  fused  with  potash  with  formation 
of  a  monobasic  acid,  C9H12O2,  melting  at  148°. 

09HUS06  =  C9H120,  +  S02  +  H20, 
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and  subsequently  Damsky  (Ber.,  1887,  2O,  2965)  obtained,  by  the  same 
reaction,  a  second  acid  of  this  formula  melting  at  99°.  This  action  of 
fused  soda  or  potash  on  sulphocamphylic  acid  has  been  made  the 
subject  of  an  extended  investigation  by  one  of  us  (compare  Proceedings, 
1893,  109  ;  1895,  23  ;  1896,  189),  in  the  hope  of  discovering  the  con- 
stitution of  the  two  isomeric  acids  C9H12O2,  and  of  thus  obtaining 
evidence  as  to  the  constitution  of  sulphocamphylic  acid  and,  indirectly, 
also,  of  that  of  camphoric  acid  itself. 

During  the  course  of  the  examination  of  these  two  acids,  which  were 
named  a-camphylic  acid  (m.  p.  148°)  and  /?-camphylic  acid  (m.  p.  about 
104°),  some  facts  came  to  light  which  seemed  to  point  to  the  conclusion 
that,  these  substances  might  be  closely  allied  to  xylic  acid,  I,  or  paraxylic 

COOH  CH3 


II. 

COOH 

acid,  II,  and  this  seemed  all  the  more  probable  when  it  was  remembered 
that  sulphocamphylic  acid  itself  could  be  converted  into  derivatives  of 
these  acids  by  two  widely  different  processes.  When  sulphocamphylic 
acid  is  oxidised  with  potassium  permanganate  (Proc.,  1893,  109),  it 
yields  a  dibasic  acid  of  the  formula  C18H22OY,  which,  by  the  action  of 
concentrated  sulphuric  acid,  is  converted  into  a  hydroxyxylic  acid  of 
the  probable  constitution 

COOH 


OH[        I01*3 


CH3 

Again,  Koenigs  and  Meyer  (Her.,  1894,  27,  3465)  found  that  when 
isolauronolic  acid,  C9H14O2,  which  is  formed  by  the  action  of  heat  on 
sulphocamphylic  acid  (C9H14S05,H20  =  C9H14O2  +  H2S04)  is  oxidised 
with  permanganate  it  yields  isolauronic  acid,  C9H1203,  and  that  the 
latter  acid,  when  warmed  011  the  water  bath  with  sulphuric  acid,  is 
converted  into  paraxylic  acid, 


As  these  xylic  and  paraxylio  acids  may  be  obtained  in  this  way  from 
sulphocamphylic  acid,  it  seemed  possible  that  the  two  camphylic  acids, 
C9H12O2,  might  be  dihydro-derivatives  of  these  acids  and  that  the  acids, 
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CyH14O9,  which  may  be  obtained  from  them  by  reduction  with  sodium 
amalgam,  were  the  corresponding  tetrahydro-acids.  In  order  to  deter- 
mine whether  this  view  was  correct,  we  decided  to  investigate  the 
action  of  reducing  agents  on  the  xylic  acids,  and  beg  to  lay  an  account 
of  the  results  of  our  experiments  before  the  Society. 

The  xylic  and  paraxylic  acids  required  for  this  research  were  first 
prepared  by  the  method  described  by  Fittig  and  Laubinger  (Annalen, 
1869,  151,  269),  which  consists  in  oxidising  pseudocumene  by  means 
of  dilute  nitric  acid.  The  product  of  this  reaction  contains,  besides 
the  two  xylic  acids,  methylisophthalic  acid,  CH3' C6H3(COOH)2 
[CH3 :  COOH  :  COOH  =  1:2:4],  methylterephthalic  acid, 

CH3-C6H3(COOH)2, 

and  also  nitro-derivatives  of  these  acids  and  of  pseudocumene,  and  as 
the  separation  of  these  various  substances  by  the  method  given  by 
Fittig  and  Laubinger  is  exceedingly  tedious,  many  experiments  were 
made,  in  the  hope  of  being  able  to  devise  a  more  simple  method  for 
preparing  these  acids. 

In  the  first  place,  pseudocumene  was  brominated  at  150°  and  the 
bromo-derivative  C6H3(CH3)2'CH2Br  converted  into  the  ethylic  ether 
C6H3(CH3)2*  CH2- OC2H5  by  treatment  with  sodium  ethoxide,  this 
was  then  oxidised  in  the  way  recommended  by  Kipping  (Trans.,  1888, 
53,  45)  for  preparing  isophthalic  acid,  but  the  results  were  not 
satisfactory,  and  as  the  irritating  vapours  of  the  bromopseudocumene 
made  the  process  very  objectionable,  it  was  abandoned. 

The  next  method  of  preparing  paraxylic  acid  which  was  investigated 
was  that  devised  by  Armstrong  and  Kipping  (Trans.,  1893,  63,  75), 
who  showed  that  camphor,  when  digested  with  sulphuric  acid  yields 
acetyl-2-ortho-xylene  [Me2  :  Ac  =  1  :  2  :  4],  and  that  this,  on  oxidation 
with  nitric  acid,  yields  pure  paraxylic  acid.  We,  however,  soon  found 
that  this  method  is  not  suitable  for  the  preparation  of  large  quantities 
of  the  acid,  owing  to  the  difficulty  of  obtaining  acetyl-2-ortho-xylene  in 
a  sufficiently  pure  condition  for  giving  good  results  on  oxidation. 

Ultimately,  we  found  it  necessary  to  return  to  the  oxidation  of 
pseudocumene  with  nitric  acid,  but  it  very  soon  became  evident  that 
some  improvement  must  be  made  in  the  method  of  separating  the 
products  of  oxidation,  in  order  to  obtain  sufficient  material  for  this 
investigation. 

The  chief  objection  to  Fittig  and  Laubinger's  process  is  the  distilla- 
tion in  steam  which  they  recommend  as  a  means  of  partially  separating 
the  oxidation  products,  because  the  xylic  acids  volatilise  with  diffi- 
culty in  steam,  and  therefore,  when  working  with  large  quantities  of 
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material,  this  operation  takes  a  considerable  length  of  time  and  involves 
the  evaporation  of  large  quantities  of  liquid  ;  even  then,  the  products 
obtained  are  in  a  very  impure  condition. 

Several  experiments  were  made  with  the  object  of  avoiding  this 
steam  distillation,  and  ultimately  the  following  method  was  devised, 
which  was  found  to  work  well. 

After  oxidising  the  pseudocumene  in  the  way  recommended  by  Fittig 
and  Laubinger,  the  semi-solid  product  is  dissolved  in  an  excess  of  sodium 
carbonate,  and  the  nitro-compounds  and  unaltered  pseudocumene  removed 
by  extraction  with  ether.  The  alkaline  solution  is  then  acidified,  and  the 
precipitated  acids,  collected  by  means  of  the  pump,  are  dried  and  con- 
verted into  their  methylic  salts,  which  are  then  fractionated  under 
reduced  pressure. 

In  this  way,  two  principal  fractions  are  obtained,  namely,  one 
boiling  at  140 — 160°  (40  mm.),  which  contains  the  methylic  salts  of  the 
two  xylic  acids,  and  the  other  boiling  at  180 — 200°  (40  mm.),  consist- 
ing principally  of  the  mixed  methylic  salts  of  methylisophthalic  acid 
and  methylterephthalic  acids ;  the  former  fraction  always  remained 
liquid,  whilst  the  latter  quickly  solidified. 

The  fraction  140—160°  (40  mm.)  is  hydrolysed,  the  mixed  xylic 
acids  thus  obtained  are  converted  into  their  calcium  salts,  and  the  latter 
are  then  separated  by  repeated  recrystallisation  from  water ;  the  separa- 
tion of  methylisophthalic  acid  and  methylterephthalic  acid  is  described 
later  on  in  this  paper. 

In  our  first  experiments  on  the  reduction  of  the  xylic  acids,  the 
action  of  sodium  amalgam  on  paraxylic  acid  was  investigated,  but  even 
when  the  alkaline  solution  of  the  acid  was  boiled  with  sodium  amalgam 
in  the  way  recommended  by  Aschan  (Annalen,  1892,  271,  234)  very 
little  action  took  place,  and  nearly  all  the  acid  was  recovered  unchanged. 
This  method  was  then  abandoned,  and  the  reduction  of  xylic  acid  and 
paraxylic  acid  with  sodium  and  isoamylic  alcohol  was  next  tried  and 
found  to  give  satisfactory  results,  the  acids  being  converted  in  this  way 
always  into  a  mixture  of  the  tetrahydro-  and  hexahydro-derivativos  ; 
it  was  not  found  possible  to  reduce  the  whole  of  the  acid  to  the  hexa- 
hydro-derivative,  although  many  experiments  were  made  with  this 
object  under  very  varying  conditions,  as  even  after  the  acids  had  been 
subjected  repeatedly  to  the  action  of  the  reducing  agent,  a  considerable 
quantity  of  tetrahydro-acid  was  always  present. 

As  a  rule,  after  several  successive  treatments  with  sodium  and 
isoamylic  alcohol,  the  reduced  acid,  in  each  case,  was  found  to  contain 
50 — 60  per  cent,  of  the  hexahydro-  and  40 — 50  per  cent,  of  the 
tetrahydro-derivative.  On  fractionation,  the  mixed  acids  distil  in  each 
case  at  about  160 — 170°  (40  mm.),  and  the  purified  product,  when  left 
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for  some  time  in  a  freezing  mixture,  deposits  small  quantities  of  solid 
acid  which,  on  examination,  proved  to  be  the  tetrahydro-acid. 

Tetrahydroparaxylic  acid,  C9H14O2,  melts  at  83°,  and  unites  with 
bromine,  forming  dibromhexahydroparaxylic  acid,  C9H14Br0O2,  which 
melts  at  124°. 

Tetraliydro-xylic  acid,  CgH14O2,  melts  at  1 04°,  and  also  absorbs  bromine. 

The  oily  reduced  acid  from  both  reductions,  and  from  which  no  more 
crystals  could  be  obtained,  still  contains  a  large  proportion  of  the 
tetrahydro-compound,  and  attempts  were  made  to  convert  the  whole  of 
it  into  the  hexahydro-acid  by  repeated  reduction  with  sodium  and 
isoamylic  alcohol,  and  by  adding  on  hydrogen  bromide  and  heating  the 
bromide  with  zinc  dust  and  acetic  acid,  but  without  success. 

As  we  were  unable  to  reduce  the  acids  completely  to  the  hexa- 
hydro-derivatives,  we  decided  to  separate  the  hexahydro-acid  from  the 
accompanying  tetrahydro-acid,  and  for  this  purpose  we  employed  two 
methods,  namely,  (1)  oxidation  of  the  mixture  with  potassium  perman- 
ganate, by  which  means  the  tetrahydro-acids  are  converted  into  syrupy 
hydroxy-compounds,  leaving  the  hexahydro-acids  unchanged ;  (2)  the 
conversion  of  the  mixed  acids  into  their  anilides,  by  treating  the  acid 
chlorides  with  aniline,  and  subsequently  separating  the  hexahydro- 
anilide  from  the  product  by  fractional  crystallisation.  The  oxidation 
with  permanganate  was  performed  in  very  dilute  and  cold  solutions, 
the  unaltered  hexahydro-acids  being  subsequently  separated  from  the 
non-volatile  hydroxy-acids  by  distillation  in  steam. 

H    COOH 


H 

He.cakydro-xylic  acid.  ^H3)  distils  at  155 — 157°  (40  mm.) 


H 


II 


CH3    H 

as  a  colourless  liquid,  which  on  standing  solidifies  to  colourless  crystals 
melting  at  76—78°. 


H    GEL 


Hexahydroparaxylic  acid,  I    CH3)  distils  at  251°  (748  mm.), 

-tlf 


H    COOH 

and  does  not  show  any  signs  of  crystallisation,  even  on  long  standing. 
The  syrupy  hydroxy-acids  obtained  during  the  above  oxidations  could 
not  be  obtained  in  a  crystalline  condition,  and  as,  on  further  oxidation 
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with  chromic  acid,  they  did  not  yield  any  solid  products,  their  examina- 
tion was  not  continued  further. 

It  will  be  seen  that,  by  the  above  method  of  separating  the  hexahydro- 
acids,  the  tetrahydro-acids  are  always  destroyed,  and  as  it  was  especially 
important  to  carefully  study  these  tetrahydro-acids  and  their  derivatives 
the  separation  by  means  of  the  anilides  was  tried,  but  with  little  success. 
The  acids  were  converted  into  the  anilides  in  each  case,  but  on  subse- 
quent crystallisation  only  the  anilides  of  the  hexahydro-acids  could  be 
isolated  in  any  quantity  in  the  pure  state.  This  want  of  success  was 
apparently  due  to  the  presence  of  a  considerable  amount  of  resinous 
matter,  produced,  probably,  by  the  action  of  phosphorus  trichloride  on 
the  unsaturated  tetrahydro-acids  ;  in  both  cases,  however,  besides  the 
anilides  of  the  hexahydro-acids.  small  amounts  of  other  anilides  were 
isolated,  but  in  quantities  too  small  for  further  identification.  The 
anilide  of  hexahydroparaxylic  acid  melts  at  115°,  whilst  that  of  hexahy- 
dro-xylic  acid  melts  at  188°;  these  anilides  are  best  hydrolysed  by 
heating  them  with  a  solution  of  hydrogen  chloride  in  acetic  acid,  the 
yield  of  acid  obtained  in  this  way  being  quantitative.  Prepared  by 
this  process,  hexahydroparaxylic  acid  still  remained  liquid,  even  when 
cooled  to  —  10°  ;  hexahydro-xylic  acid,  however,  quickly  solidified, 
forming  colourless  plates  which  melted  at  76 — 78°  :  both  acids  possess  a 
peculiar,  pungent  smell,  somewhat  resembling  that  of  the  higher  fatty 
acids. 

Owing  to  the  difficulty  of  obtaining  the  pure  tetrahydro-acids  in 
any  quantity,  experiments  were  next  instituted  with  the  object  of 
preparing  these  acids  from  the  hexahydro-acids,  and  in  order  to  do  this 
the  hexahydro-acids  were  brominated,  and  the  monobromo-clerivatives, 
after  conversion  into  the  ethereal  salts,  hydrolysed,  in  the  first  place, 
with  alcoholic  potash.  It  was  thought  that  this  method  might  give 
very  interesting  results,  as  very  probably  the  tetrahydro-acids  obtained 
would  be  isomeric,  and  not  identical  with  the  tetrahydro-acids  prepared 
by  the  direct  reduction  of  the  xylic  acids.  However,  although  the 
experiments  were  very  much  varied,  instead  of  the  pure  tetrahydro- 
acids,  the  products  in  each  case  wTere  semi-solid,  uninviting-looking 
masses,  which  evidently  contained  several  substances,  and  as  the 
quantities  at  our  disposal  were  small,  it  was  impossible  to  effect  a 
separation  of  the  various  constituents. 

Apparently,  the  tetrahydro-acids  first  formed  by  this  reaction  are  in 
part  oxidised  during  the  treatment  with  potash,  because,  in  our  experi- 
ments with  hexahydroparaxylic  acid,  an  acid  was  obtained  in  this  way 
which  had  the  approximate  constitution  of  a  dihydroparaxylic  acid. 

In  the  case  of  hexahydro-x;y  lie  acid,  the  bromination  did  not  take 
place  very  satisfactorily,  as  the  product,  after  treatment  with  alcohol, 
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appeared  to  contain,  besides  ethylic  bromohexahydro-xylate,  traces  of  the 
ethylic  salt  of  a  bromo-xylic  acid.  The  formation  of  the  latter  is  probably 
due  to  the  bromine  converting  part  of  the  hexahydro-acid  into  xylic 
acid,  which  then,  by  the  further  action  of  the  bromine,  was  converted 
into  bromoxylic  acid.  When  the  ethereal  salts  of  the  bromohexahydro- 
xylic  acids  are  digested  with  diethylaniline,  they  are  converted  fairly 
quantitatively  into  the  ethylic  salts  of  the  corresponding  tetrahydro- 
acids,  which  are  colourless,  sweet-smelling  oils,  distilling  without 
decomposition  at  about  155°  (60  mm.),  but  these  ethereal  salts  on 
hydrolysis  do  not  yield  the  pure  tetrahydro-acids ;  unfortunately, 
owing  to  the  nature  of  the  product  and  to  the  small  quantity  of  material 
at  our  disposal,  we  were  unable  to  investigate  this  matter  further. 

Although  we  have  had  so  much  difficulty  in  obtaining  the  tetrahy- 
dro-derivatives  of  xylic  acid  and  paraxylic  acid  in  any  quantity,  we  were, 
nevertheless,  able  to  prepare  sufficient  of  each  acid  to  prove  conclusively 
that  these  tetrahydro-acids  are  not  identical  with  the  acids  which  have 
been  obtained  by  the  reduction  of  the  a-  and  /3-eamphylic  acids. 

This  does  not,  of  course,  prove  that  the  a-  and  /5-camphylic  acids  are  not 
derivatives  of  the  xylic  acids,  because  there  are  many  theoretically  possible 
isomeric  tetrahydro-xylic  acids  which  are  not  described  in  this  paper.  Asi 
however,  the  further  study  of  tho  camphylic  acids  has  made  it  appear 
unlikely  that  these  acids  are  closely  connected  with  the  xylic  acids,  we 
have  decided,  in  the  meantime,  to  discontinue  these  experiments,  and  to 
publish  the  results  which  have  so  far  been  obtained. 

Separation    of    Methylisophthalic   Acid  from    Methylterephthalic  Acid. 

Preparation  of  TetraJiydrometliyltere^hthalic  Acid. 
During  the    separation    of    the    acids    formed    by    the  oxidation  of 
pseudocumene  by  means  of  their   methylic  salts,  as  explained  on  page 
160,    a    considerable    quantity   of    a    fraction    boiling    at    180 — -200° 
(40  mm.)  was  obtained,   and   on   investigating  this  product   we  were 
ultimately    able    to    show  that  it    consisted    of  the  methylic  salts  of 
methylisophthalic  acid,  I,  and  methylterephthalic  acid,  II, 
CHQ  COOH 


.  -COOH  n 

\/ 
COOH  COOH 

but  no  methylphthalic  acid  could  be  isolated  from  the  mixture.  The  above 
fraction,  on  cooling,  solidified  to  a  crystalline  mass,  melting  roughly  at 
40 — 50°,  and  by  subjecting  it  to  a  series  of  fractional  crystallisations, 
we  ultimately  succeeded  in  separating  it  into  two  portions,  A,  melting 
at  73 — 74°,  and  B,  at  about  58—60°.  Each  of  these,  on  analysis,  gave 
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numbers  agreeing  with  the  formula  CH3'C0H3(COOCH3)2,  and  as 
further  recrystallisation  did  not  appear  to  affect  the  melting  points, 
we  concluded  that  they  were  the  pure  methylic  salts  of  two  distinct 
dibasic  acids  of  the  formula  CH3-  C6H3(OOOH)2. 

On  hydrolysis  with  potash,  the  methylic  salt  A  (m.  p.  73 — 74°)  yielded 
an  acid  melting  at  325 — 330°,*  which  did  not  form  an  anhydride  and 
which,  in  its  properties,  agreed  so  closely  with  methylisophthalic  acid,t 
that  we  concluded  at  first  that  it  was  identical  with  this  acid,  and  that 
the  methylic  salt  A  was  methylic  methylisophthalate. 

The  methylic  salt  B  (m.  p.  58 — 60°),  on  hydrolysis,  yielded  an 
acid,  CH3-C6H3(COOH)2,  which  melted  at  293—295°  and  gave  no 
anhydride,  and  consequently  we  supposed  it  to  be  methylterephthalic 
acid,  especially  as  Fittig  and  Laubinger  (Anna/en,  1869,  151,  276)  had 
described  methylterephthalic  acid  as  melting  at  280 — 283°,  and,  after 
sublimation,  at  291°. 

On  treating  the  supposed  methylisophthalic  and  methylterephthalic 
acids  with  sodium  amalgam,  it  was  observed  that  the  acid  (m.  p.  325 — 
330°)  corresponding  with  the  methylic  salt  A  (m.  p.  73 — 74°)  was 
readily  and  completely  reduced  to  a  tetrahydro-acid,  whereas  the  acid 
(m.  p.  293—295°)  obtained  from  the  methylic  salt  B  (m.  p.  58—60°) 
was  only  partially  reduced,  yielding  a  tetrahydro-acid  which  was 
evidently  identical  with  that  obtained  from  the  acid  of  higher  melting 
point. 

The  acid  which  had  not  been  reduced  during  this  treatment  was 
carefully  purified,  and  found  to  have  the  formula  CH3-  C6H3(COOH)2  ; 
it  melted  now  at  320 — 330°,  and  yielded  a  methylic  salt  which  fused 
sharply  at  80°,  and  which  may  be  called  C.  This  acid  is  not  in  the 
least  degree  affected  by  boiling  with  sodium  amalgam,  and,  as  it  does 
not  give  an  anhydride,  it  must  obviously  be  either  methylisophthalic 
acid  or  methylterephthalic  acid,  and  the  acid  which  Fittig  and 
Laubinger  described  as  methylterephthalic  acid  must  be  a  mixture 
of  this  acid  with  methylisophthalic  acid,  one  of  which  is  reduced  by 
sodium  amalgam,  leaving  the  other  entirely  unat tacked. 

In  order  to  determine  which  of  these  two  acids  is  reducible  by  sodium 
amalgam,  we  made  a  number  of  experiments,  with  the  object  of 

*  "With  regard  to  the  melting  point  of  methylisophthalic  acid,  compare  Clans, 
/.  pr.  Chcm.,  1890,  [2],  42,  510. 

t  Methylisophthalic  acid  has  been  prepared  by  Jacohsen  (jBer.,  1881,  14,  2112)  by 
the  oxidation  1  : 4-dimethylbenzoic  acid  with  permanganate  ;  by  Glaus  (Ber.,  1886, 
19,  233  ;  /.  pr.  Chem.,  1890,  [2],  42,  509)  by  the  oxidation  of  methyl  cymyl  ketone, 
CH8-CO-C6H3(CH3)'C3H7>  and  of  the  acid 

CH3-C6H3(C3H7)-CO'COOH  [CH3:CO:C3H7  =  1:2:5], 

and  by  Hjelt  and  Gadd(Z?er.,  1886,  19,  868)  by  the  oxidation  of  psoudocumenyl 
alcohol,  CHS'C6H3(CH./OH)2. 


AND   METilYLTtfREPHTHALIC   ACIDS,    ETC.  165 

eciding  which  of  the  two  acids  formed  a  methylic  salt  melting  at 
73—74°,  and  which  a  methylic  salt  melting  at  80°. 

By  oxidising  xylic  acid  and  paraxylic  acid  with  potassium  perman- 
ganate, we  obtained,  in  both  cases,  an  acid  melting  at  325 — 330°  which 
did  not  give  an  anhydride,  and  which  must,  therefore,  be  methyltereph- 
thalic  acid. 

COOH  CH3  COOH 

/\CH 
and  give 

CH3  COOH  COOH 

As  the  methylic  salt  of  this  acid  melts  at  73 — 74°,  it  follows  that 
the  methylic  salt  A  is  methylic  terephthalate. 

When  iso-xylic  acid  is  oxidised  with  permanganate,  it  yields  a  dibasic 
acid  which  does  not  form  an  anhydride,  and  which  must,  therefore,  be 
methylisophthalic  acid. 

/~XTT  OTI 

\jtlet  \_y-LJ-o 


/NcOOH 


gives 

CH3  COOH 

This  acid  melts  at  320 — 330°,  and  yields  a  methylic  salt  melting  at 
80°.  The  methylic  salt  C  is,  therefore,  methylic  isophthalate. 

On  treatment  with  sodium  amalgam  at  100°,  methylisophthalic  acid 
remains  unchanged,  whereas,  on  the  other  hand,  methylterephthalic 
acid,  under  the  same  conditions,  is  apparently  completely  reduced  to  a 
tetrahydro-derivative. 

Tetrahydromethylterejjhthalic  acid,  CH3'CfiH7(COOH)2,  is  moderately 
easily  soluble  in  water,  and  melts  at  240 — 245°  ;  it  yields  a  dimethylic 
salt,  CH3-C6H7(COOCH3)2,  which  is  a  colourless  oil  boiling  at  165—170° 
(20  mm.). 

Although  the  solution  of  the  acid  in  sodium  carbonate  very  quickly 
decolourises  permanganate,  yet  the  free  acid  does  not  appear  to  absorb 
bromine  or  hydrogen  bromide  at  all  readily.  When  heated  with  a 
saturated  solution  of  hydrogen  bromide  in  glacial  acetic  acid  at  100°  in 
a  sealed  tube,  it  yields  a  black,  oily  mass  containing  bromine,  but 
which  could  not  be  purified.  Experiments  on  the  reduction  of  this 
crude  hydrobromide  with  zinc  dust  and  acetic  acid  were  instituted, 
but  we  have  so  far  not  been  able  to  isolate  the  hexahydromethyltere- 
phthalic  acid,  which  should  be  formed  in  this  way. 

EXPERIMENTAL. 

Oxidation  of  Pseudocumene. — For  this  purpose,  as  stated  in  the 
introduction,  we  employed  a  modification  of  the  process  devised  by 
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Fittig  and  Laubinger  (Ann.,  1869,  151,  269),  their  method  of  separat- 
ing the  products  by  distilling  in  a  current  of  steam  being  very  trouble- 
some and  inconvenient  when  working  with  large  quantities. 

As  the  result  of  numerous  experiments,  we  ultimately  adopted  the 
following  method  in  preparing  the  acids  required  for  this  research. 
Pseudocumene  (250  grams),  mixed  with  dilute  nitric  acid  (700  grams  of 
acid,  sp.  gr.  1  '4,  diluted  with  2  J  volumes  of  water),  is  heated  to  boiling 
for  18  hours  in  a  large  flask  connected  with  a  reflux  condenser.  The 
cold  liquid  is  then  largely  diluted,  the  semi-solid  precipitate  collected 
with  the  aid  of  the  pump,  washed  well  with  water,  and  dissolved 
in  a  solution  of  sodium  carbonate.  The  riitro-compounds  and  un- 
altered pseudocumene  which  remain  undissolved  are  removed  by 
agitation  with  ether,  and  the  aqueous  solution  is  heated  to  boiling  and 
acidified  with  hydrochloric  acid.  The  precipitate  thus  obtained  is  col- 
lected, washed  with  water,  and  after  being  pressed  on  porous  plates  to 
remove  oily  matter,  is  dried  at  100°.  The  mixed  acids  are  then  con- 
verted into  their  methylic  salts  by  saturating  their  solution  in  methylic 
alcohol  with  dry  hydrogen  chloride  ;•  the  mixed  methylic  salts,  after  being 
precipitated  with  water  and  extracted  with  ether,  &c.,  in  the  usual  way, 
are  fractionated  several  times  under  a  pressure  of  40  mm.  Of  the  two 
fractions  obtained,  the  larger  distilling  at  140 — 155°,  consists  princi- 
pally of  the  methylic  salts  of  xylic  and  paraxylic  acids ;  whilst  the 
smaller  fraction,  which  distils  at  180 — 200°,  and  quickly  solidifies 
on  cooling,  contains  the  methylic  salts  of  methylterephthalic  and 
methylisophthalic  acids.  A  third,  but  very  small,  fraction,  boiling  at 
250 — 270°,  was  also  obtained  ;  this  was  a  very  viscid  liquid,  which 
possibly  contained  the  methylic  salts  of  trimellitic  a-id,  but  it  was  not 
further  investigated. 

/Separation  of  the  Xylic  and  Paraxylic  Acids. — In  order  to  isolate 
these  acids,  the  fraction  (135  grams)  containing  their  methylic  salts  is 
hydrolysed  by  boiling  with  a  solution  of  alcoholic  potash  (80  grams) 
in  a  reflux  apparatus  for  3  hours,  the  alcohol  distilled  off,  the  residue 
dissolved  in  water,  and  the  solution  evaporated  to  a  moderately  small 
bulk.  While  still  hot,  this  is  acidified  with  hydrochloric  acid,  and 
the  precipitate,  which  is  somewhat  oily  at  first,  but  on  cooling 
becomes  quite  hard,  is  first  roughly  freed  from  oily  matter  and 
other  impurities  by  crystallisation  from  acetic  acid ;  if  his  is  not 
done,  the  subsequent  separation  of  the  isomerides  by  means  of  their 
calcium  salts  becomes  a  very  difficult  matter.  The  mixture  of  acids 
which  separates  from  the  hot,  concentrated  solution  in  glacial  acetic  acid 
in  the  form  of  a  crystalline  precipitate  melting  roughly  at  105°,  is 
collected,  washed  first  with  acetic  acid  and  then  with  water,  and  dis- 
solved in  a  slight  excess  of  hot  sodium  carbonate  solution ;  on  mixing 
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this  with  a  strong,  hot  solution  of  rather  more  than  the  calculated 
quantity  of  calcium  chloride,  and  cooling,  a  mixture  of  the  calcium 
salts  of  the  two  xylic  acids  separates  almost  completely  ;  the  salts, 
after  being  collected  and  washed  with  a  little  water,  are  crystallised 
from  a  considerable  quantity  of  boiling  water.  If  the  acids  are  puri- 
fied as  described  above,  the  first  crystallisation  yields  the  almost  pure 
calcium  salt  of  paraxylic  acid,  this  being  the  least  soluble.  It  is, 
however,  a  matter  of  considerable  difficulty  to  separate  the  calcium 
salts  contained  in  the  mother  liquor,  but  this  may  be  effected  in  the 
following  manner.  When  the  solutions  of  the  calcium  salts  have 
yielded  as  much  pure  calcium  paraxylate  as  possible,  the  mother  liquors 
are  acidified,  and  the  precipitated  acids  collected  and  crystallised  from 
acetic  acid.  A  considerable  quantity  of  nearly  pure  xylic  acid  separates 
first  in  beautiful,  long  needles.  After  this  has  been  collected,  and  tho 
acetic  acid  removed  from  the  mother  liquors  by  distillation,  the  acids 
are  again  converted  into  the  calcium  salts  and  crystallised  from  water. 
By  a  repetition  of  this  process,  it  is  possible  to  separate  the 
whole  of  the  material  into  calcium  paraxylate  and  xylic  acid.  The 
paraxylic  acid  obtained  from  the  pure  calcium  salts  by  precipitation 
with  hydrochloric  acid  was  recrystallised  from  acetic  acid.  Xylic  acid, 
C6H3(CH3)2-  COOH  [CH3 :  CH3  :  COOH  =  1:3:4],  crystallises  from  acetic 
acid  in  beautiful,  long,  prismatic  needles  melting  at  126°. 

Paraxylic   acid,    [CH8  :  CH3  :  COOH  =  1:2:4],    crystallises   in  short 
needles  melting  at  163°. 

Tetruhydroparaxylic  acid,  C9H1402. 

As  stated  in  the  introduction,  this  acid  is  one  of  the  products  of  the 
reduction  of  paraxylic  acid  by  means  of  sodium  and  isoamylic  alcohol. 
Pure  paraxylic  acid  (30  grams)  is  dissolved  in  isoamylic  alcohol  (1^ 
litres)  contained  in  a  lar^e,  round-bottomed  flask  attached  to  a  long 
reflux  condenser.  The  liquid  is  heated  to  the  boiling  point,  and  then 
sodium  (10  grams)  is  dropped  in  ;  a  violent  action  takes  place,  and  as 
soon  as  this  has  subsided  more  sodium  (20  grams)  is  added.  When  the 
sodium  has  all  dissolved  (the  mixture  being  Leated  if  necessary),  the 
contents  of  the  flask  are  allowed  to  cool,  diluted  with  water  and 
acidified  with  hydrochloric  acid  ;  the  liquid  then  separates  into  two 
layers,  the  upper  of  which  is  isoamylic  alcohol  containing  the  organic 
acid  in  solution.  The  lower  layer,  consisting  of  sodium  chloride  solu- 
tion and  some  hydrochloric  acid,  is  shaken  with  pure  isoamylic  alcohol, 
in  order  to  extract  any  traces  of  the  organic  acid  which  it  may  contain, 
and  the  whole  of  the  isoamylic  alcohol  solution  is  dehydrated  by  dis- 
tillation until  the  temperature  of  the  vapour  rises  to  120°.  It  is  then 
treated  with  sodium  (30  grams)  exactly  as  before,  and  the  process  of 
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extraction  again  repeated.  After  thrice  treating  with  sodium,  the 
product  is  diluted  with  a  large  quantity  of  water,  the  upper  layer  of 
isoamylic  alcohol  is  distilled  almost  to  dryness,  and  the  residue  dissolved 
in  water  and  mixed  with  the  aqueous  layer.  If  this  is  not  done,  there 
is  a  very  considerable  loss  of  product,  as  the  isoamylic  alcohol  retains  a 
quantity  of  the  sodium  salts  of  the  reduced  acids,  even  after  it  has  been 
repeatedly  washed  with  water.  The  aqueous  solution,  after  being  boiled 
until  free  from  isoamylic  alcohol,  is  acidified  and  extracted  with  pure  ether, 
the  ethereal  solution  is  dried  over  calcium  chloride,  the  ether  distilled  off, 
and  the  oily  residue  fractionated  under  diminished  pressure.  Nearly 
the  whole  distils  at  about  160 — 170°  under  a  pressure  of  40  mm.  When, 
however,  about  three-quarters  of  the  acid  has  distilled,  the  receiver 
is  changed  and  the  last  portion  collected  separately  ;  the  latter,  when 
exposed  to  the  cold  for  about  a  week,  deposits  crystals  of  tetrahydro- 
paraxylic  acid,  whereas  the  first  fraction  if  similarly  treated  yields  very 
few  crystals.  The  crystals  were  collected  with  the  aid  of  the  pump, 
pressed  on  a  porous  plate,  and  recrystallised  several  times  from  light 
petroleum  (b.  p.  60—80°). 

I.  0-1020  gave  0-2618  C02  and  0-0830  H20.     0  =  70-00  ;  H  =  9O4. 

II.  0-1096    „     0-2820CO2     „    0-0900  H20.     0  =  70-17  ;  H  =  9-12. 

C6H7(CH3)2.COOH  requires  0  =  70-13  ;  H  =  9'09  per  cent. 

Tetrahydroparaxylic  acid  crystallises  in  prisms  melting  at  83°.  It  is 
easily  soluble  in  benzene,  alcohol,  ether,  and  acetic  acid ;  sparingly  so 
in  cold,  easily  in  hot,  light  petroleum.  Its  solution  in  sodium  carbonate 
immediately  reduces  potassium  permanganate  in  the  cold,  and  bromine 
is  quickly  absorbed  by  a  solution  of  the  acid  in  chloroform. 

The  yield  of  reduced  acid,  after  distillation,  was  usually  about  75  per 
cent,  of  the  theoretical  quantity,  but  of  this  only  about  10  per  cent, 
separated  in  the  form  of  crystals  of  tetrahydroparaxylic  acid. 

Dibromhexahydroparaxylic  Acid,  C9H14Br202. 

This  was  prepared  by  dissolving  pure  tetrahydroparaxylic  acid  in  dry 
chloroform  and  adding  a  chloroform  solution  of  bromine  until  the  colour 
of  the  bromine  remained  permanent.  The  oil  which  was  deposited, 
on  allowing  the  chloroform  to  evaporate  spontaneously,  slowly  solidified. 
This  crude  product  purified  by  recrystallisation  from  dilute  acetic  acid 
saturated  with  hydrogen  bromide,  separated  in  colourless  plates  melting 
at  124° 

0-0532  gave  0-0640  AgBr.     Br  =  5M7. 

Oj,H14Br202  requires  Br  =  50'95  per  cent. 

Dibromhexahydroparaxylic  acid  melts  at  124°.  It  dissolves  readily 
in  most  organic  solvents  on  boiling,  being  apparently  decomposed  at 
the  same  time,  as  we  could  not  succeed  in  recovering  it  from  them 
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a  crystalline  form.  It  separates,  however,  readily  from  dilute  acetic 
acid  if  decomposition  is  prevented  by  previously  saturating  the  solution 
with  hydrogen  bromide. 

Uexahydroparaxylic  acid,  C6H9(CH3)2'  COOH, 
OH. 

/CH\ 
H,C  CH-CH3 

H2C  CH2 

COOH 

This  acid  is  formed  when  paraxylic  acid  is  reduced  by  sodium  and  iso- 
amylic  alcohol  as  explained  on  page  167,  and  is  present  in  considerable 
quantities  in  the  mother  liquor  of  the  reduced  acid  after  the  bulk  of 
the  crystalline  tetrahydroparaxylic  acid  has  been  removed  by  cooling 
in  a  freezing  mixture. 

In  order  to  isolate  it,  two  methods  were  employed. 

1 .  The  crude  product  was  treated  with  permanganate  so  as  to  oxidise 
the  tetrahydroparaxylic  acid,  the  hexahydroparaxylic  acid  remaining 
unchanged. 

2.  The  mixed  acids  were  converted  into  the  anilides,  and  these  sepa- 
rated by  fractional  crystallisation. 

Method  I. — The  oxidation  was  carried  out  in  the  following  manner. 
The  oily  mixture  of  tetrahydro-  and  hexahydro-paraxylic  acids  was  dis- 
solved in  a  small  quantity  of  sodium  carbonate  solution,  diluted  with  a 
large  quantity  of  water,  and  oxidised  by  running  in  slowly  a  weak 
solution  of  potassium  permanganate.  During  the  whole  operation,  a 
rapid  current  of  carbon  dioxide  was  passed  through  the  liquid,  which 
was  vigorously  stirred  by  means  of  a  turbine,  and  kept  cold  by  adding 
ice  from  time  to  time.  When  the  colour  of  the  permanganate  re- 
mained permanent,  the  liquid  was  mixed  with  a  little  alcohol,  boiled, 
and  the  manganese  dioxide  filtered  off,  well  washed  with  hot  water,  and 
the  filtrate  evaporated  to  a  small  bulk.  This  was  then  acidified  and 
subjected  to  distillation  in  a  rapid  current  of  steam  until  the  condensed 
water  was  quite  clear  and  had  only  a  very  slight  acid  reaction.  The  dis- 
tillate was  extracted  three  times  with  ether,  and  the  oily  residue  left 
on  evaporating  the  dried  ethereal  solution  was  fractionated  at  the  ordi- 
nary pressure.  Nearly  the  whole  distilled  at  251°  (748  mm.)  as  a 
colourless  oil  which  gave  the  following  results  on  analysis. 

0-1480  gave  0-3760  CO,  and  0-1336  H,O.     C  =  69-28  ;  H  =  10-03. 
CfiH,,(CH:{),'COOH  requires  C  =  6(J:23  ;  11  =  10'25  per  cent. 
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Hexahydroparaxylic  acid  is  an  oil  of  peculiar  odour,  somewhat  similar 
to  that  of  the  higher  fatty  acids ;  it  remains  liquid  even  when  cooled 
to  a  temperature  of  -  10°. 

Method  II. — The  separation  of  hexahydroparaxylic  acid  by  means  of 
its  anilide  was  conducted  as  follows.  The  crude  mixture  of  acids  (30 
grams)  was  first  converted  into  the  acid  chlorides  by  heating  with  phos- 
phorus trichloride  (15  grams)  in  a  reflux  apparatus  for  10  minutes  ;  the 
liquid  was  then  decanted  from  the  layer  of  phosphorus  acid,  and  distilled 
under  reduced  pressure.  The  fraction  boiling  at  135 — 145°  (60  mm.) 
was  dissolved  in  pure,  dry  ether,  and  slowly  mixed  with  an  ethe- 
real solution  of  aniline  (60  grams) ;  after  standing  some  time,  water 
was  added,  the  ethereal  solution  separated,  washed  with  dilute  hydro- 
chloric acid  until  free  from  aniline,  dried,  and  the  ether  distilled  off. 
The  oily  residue,  on  standing,  quickly  solidified,  and  the  product,  after 
two  crystallisations  from  light  petroleum  (b.  p.  100 — 120°),  was  ob- 
tained in  colourless  prisms  melting  at  115°.  This  substance  is  the 
anilide  of  hexahydroparaxylic  acid,  as  was  proved  by  comparing  it  with 
a  sample  of  the  anilide  prepared  from  the  pure  acid.  In  order  to  obtain 
the  hexahydro-acid  from  its  anilide,  the  latter  is  heated  for  12  hours 
at  150°  in  a  sealed  tube  with  acetic  acid  saturated  with  hydrogen 
chloride,  and  containing  a  little  aqueous  hydrochloric  acid.  The  pro- 
duct was  then  diluted  with  water  and  extracted  several  times  with  ether. 
In  order  to  remove  the  aniline,  the  ethereal  solution  was  shaken  with 
excess  of  sodium  carbonate  solution,  and  the  alkaline  liquid  acidified 
and  again  extracted  with  ether.  This  ethereal  solution  was  washed, 
dried,  and  evaporated,  the  oily  residue  being  purified  by  fractional 
distillation.  Even  when  prepared  from  the  pure  anilide  in  this  way, 
hexahydroparaxylic  acid  is  an  oil  which  does  not  solidify,  even  at  low 
temperatures.  The  yield  of  hexahydroparaxylic  acid  obtained  from 
the  crude  mixture  of  acids  by  this  method  is  from  30  to  40  per  cent. 

The  petroleum  mother  liquors  of  the  anilide  of  hexahydroparaxylic 
acid,  after  the  removal  of  the  light  petroleum  by  distillation,  deposited 
an  oil  from  which  a  small  quantity  of  solid  separated  on  standing. 
This,  after  being  crystallised  from  petroleum,  melted  at  140 — 145°;  the 
quantity,  however,  was  too  small  for  further  examination. 

The  attempts  made  with  the  object  of  obtaining  tetrahydroparaxylic 
acid  from  the  oily  anilide  which  remained  after  the  above  crystalline 
products  had  been  extracted  as  completely  as  possible,  were  unsatis- 
factory. 

Ilexahydropciraxylijl  chloride,  C(iH9(CH3)2<COCl. 

This  was  prepared  by  gently  heating  pure  hexahydroparaxylic  acid  (4 
grams)  with  phosphorus  trichloride  (2  grams)  for  10  minutes  ;  the  liquid 
was  decanted  from  the  phosphorous  acid  and  distilled  under  reduced 
pressure.  It  is  a  disagreeably-smelling  liquid  boiling  at  110°  (25  mm.). 
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0-2406  gave  0-1996  Ag  01.     01  =  20-52. 

C8H15-COC1  requires  01  =  20-34  per  cent. 

Ethylic  hexahydroparaxylate,  C6H9(CHS)2-  COOC2H5. 
This  was  prepared  by  pouring  the  acid  chloride  into  three  times  its 
volume  of  alcohol,  and  after  allowing  it  to  stand  a  short  time,  diluting 
with  water,  extracting  with  ether,  &c.  The  brownish  oil  thus  obtained 
was  purified  by  fractional  distillation.  Ethylic  hexahydroparaxylate 
is  an  oil  of  pleasant  odour,  and  lighter  than  water  ;  it  boils  at  224° 
(758  mm.). 

0-1272  gave  0-3334  C02  and  0-1210  HL,O.     0=71-48;  H  =  10-65. 
C8H15-COOC2H5  requires  0  =  71-74  ;  H=  10'87  per  cent. 

Anilide  of  hexahydroparaxylic  acid,  C8H15'CONH>C6H5. 

This  anilide  was  prepared  by  mixing  ethereal  solutions  of  equal 
quantities  of  the  acid  chloride  and  aniline.  After  standing  for  some 
time,  water  was  added,  and  the  ethereal  solution  washed  first  several 
times  with  small  quantities  of  dilute  hydrochloric  acid  until  free  from 
aniline,  and  then  once  with  water.  It  was  then  dried  and  the  ether 
distilled  off  ;  the  oily  residue  gradually  solidified,  and  after  being 
purified  by  crystallisation  from  light  petroleum  (b.  p.  80  —  100°)  the 
anilide  was  obtained  in  prisms  melting  at  115°.  Analysis  ;  found 
N  =  6-39  ;  C8H15-CO-NH'06H5  requires  N  =  6'06. 

The  anilide  of  hexahydroparaxylic  acid  is  moderately  soluble  in  ben- 
zene and  alcohol,  but  only  slightly  in  cold  light  petroleum  (b.  p.  80  — 
100°),  although  it  dissolves  readily  in  the  boiling  solvent. 

Ethylic  bromhexahydroparaxylate,  CGH8Br(CH8)2-  COOEt 


H2C  CH-CH3 

2  1  i 

H2C  CH2 


COOC2H5 

This  was  prepared,  for  reasons  explained  in  the  introduction,  by 
brominating  hexahydroparnxylic  acid  and  subsequently  j  curing  the 
product  into  absolute  alcohol. 

Hexahydroparaxylic  acid  (5  grams)  was  carefully  mixed  with 
phosphorus  pentabromide  (5  grams)  and  bromine  (H  givrns),  and  gently 
heated  on  the  water  bath  until  the  bromine  had  disappeared.  The 
product,  poured  into  twice  its  volume  of  alcohol,  was  allowed  to  stand 
for  some  time,  and  then  diluted  with  water,  the  heavy  oil  which 
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separated  being  extracted  with  ether,  &c.,  in  the  usual  manner.  The 
residue  thus  obtained,  when  fractionated  under  reduced  pressure,  yielded 
ethylic  bromhexahydroparaxylate  as  a  heavy  oil  boiling  without  decompo- 
sition at  170 — 180°  (55  mm.) ;  the  yield  was  about  70 — 80  per  cent. 

0-1928  gave  0-1376  AgBr.     Br  =  30-37. 

C8H14Br-COOC2H5  requires  Br  =  30-42  per  cent. 

When  hydrolysed  with  potash,  this  ethereal  salt  yields  a  mixture  of 
acids,  a  behaviour  which  is  probably  due  in  part  to  the  oxidation  of  the 
tetrahydroparaxylic  acid  formed  in  the  first  instance.  The  only  sub- 
stance we  were  able  to  isolate  from  this  mixture  was  a  small  quantity 
of  a  crystalline  acid  which  melted  roughly  at  135 — 140°,  and  on 
analysis  gave  numbers  corresponding  with  those  required  by  dihydro- 
paraxylic  acid,  C9H12O2. 

Ethylic  tetrahydroparaxylate,  C6H7(CH3)2-  COOC2H5. 

This  is  formed  when  ethylic  bromhexahydroparaxylate  is  digested 
with  diethylaniline.  Pure  ethylic  bromhexahydroparaxylate  mixed 
with  twice  its  weight  of  diethylaniline  was  heated  to  gentle  ebullition 
for  4  hours,  and  then  poured  into  dilute  hydrochloric  acid.  The  dark- 
coloured  oil  which  separated  was  extracted  with  ether,  washed,  and 
treated  in  the  usual  way.  The  product  on  being  fractionated  under  re- 
duced pressure,  yielded  a  colourless,  sweet-smelling  oil  which  distilled  at 
155°  (60°  mm.),  and  on  analysis  gave  numbers  showing  that  it  was  of 
ethylic  tetrahydroparaxylate. 

0-0814  gave  0-2162  CO2  and  0-0720  H20.     C  =  72-43;  H  =  9'82. 
C8H13-COOC2H5  requires  0  =  72-52  ;  H  =  9'89  per  cent. 

In  order,  if  possible,  to  prepare  the  corresponding  tetrahydroparaxylic 
acid,  the  ethylic  salt  was  hydrolysed. 

Ethylic  tetrahydroparaxylate  (3  grams)  was  heated  on  the  water  bath 
with  potash  (3  grams)  dissolved  in  methylic  alcohol  for  2  hours,  the 
alcohol  distilled  off,  the  residue  evaporated  with  water  until  free  from 
alcohol,  and  then  acidified  and  extracted  with  ether.  The  dried  ethereal 
solution,  on  distillation,  left  an  oil  which  partially  solidified.  The 
crystals,  after  being  pressed  upon  a  porous  plate  and  crystallised  from 
light  petroleum  (b.  p.  100 — 120°),  formed  prisms  melting  at  135 — 140°, 
and  on  analysis  gave  numbers  agreeing  with  the  formula  C9H1202. 

0-1180  gram  gave  0-3068  CO2  and  0-0842  H20.     C  =  7M4;  H  =  7'93. 

C9H]2O2  requires  C  =  71'05;  H  =  7'88. 
C9H1402  requires  0  =  70-13  ;  H  =  9'09  per  cent. 

This  substance  is,  therefore,  probably  a  dihydroparaxylic  acid 
identical  with  the  substance  described  above. 
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Reduction  of  Xylic  Acid. 

The  reduction  of  xylic  acid  with  sodium  and  isoamylic  alcohol,  and 
the  methods  used  in  the  separation  of  the  acids  thus  formed,  were  con- 
ducted in  almost  exactly  the  same  manner  as  in  the  case  of  paraxylic 
acid  ;  a  brief  description  of  the  process,  therefore,  is  all  that  is  needful. 

Pure  xylic  acid  (30  grams),  dissolved  in  isoamylic  alcohol  (1  J  litres), 
was  heated  to  boiling  and  treated  three  times  in  succession  with  sodium 
(30  grams),  the  same  precautions  and  methods  of  extraction  being 
adopted  as  in  the  reduction  of  paraxylic  acid.  The  oily  acid  thus 
obtained  when  fractionated  under  reduced  pressure  passed  over  entirely 
at  about  160  —  170°  (40  mm.).  When  three-quarters  of  the  acid  had 
distilled,  the  last  portion  was  collected  separately  ;  this  soon  deposited 
crystals  when  exposed  to  the  cold,  whilst  the  first  fraction  usually 
remained  liquid. 

Tetrahydro-xylic  Acid,  C6H7(CHS)2'  COOH. 

This  was  obtained  from  the  higher  fraction  of  the  reduced  xylic  acid, 
the  crystals  which  were  deposited  being  pressed,  and  recrystallised 
several  times  from  light  petroleum  (b.  p.  80  —  100°).  It  forms  plates 
which  melt  at  103°. 

0-1000  gave  0-2570  C02  and  0-0830  H20.     C  =  70-09  ;  H  =  9-22. 
C9H7(CH3)2-COOH  requires  C  =  70-13  ;  H  =  9'09  per  cent. 

Tetrahydro-xylic  acid  is  readily  soluble  in  benzene,  alcohol,  and 
acetic  acid  ;  sparingly  so  in  cold  petroleum,  but  very  soluble  in  the  hot 
solvent.  When  dissolved  in  sodium  carbonate  solution,  it  instantly 
decolorises  potassium  permanganate  ;  its  solution  in  chloroform  also 
decolorises  bromine  very  readily,  but,  unfortunately,  we  were  not  able 
to  isolate  the  product  owing  to  the  small  amount  of  material  at  our 
disposal. 

Hexahydro-xylic  Acid,  C6H9(CH3)2-COOH. 
COOH 


H2C  CH-CH 

HC  CH 


CH3 

This  acid,  like  the  corresponding  hexahydroparaxylic  acid,  was 
isolated  from  the  mixture  of  reduced  acids  by  two  processes,  viz.,  (1) 
oxidation  with  potassium  permanganate,  and  (2)  hydrolysis  of  the 
anilide.  The  second  method  gives  the  purer  product.  In  both  cases,  a 
liquid  is  obtained  which,  when  prepared  from  the  anilide,  solidifies 
quickly,  whereas  the  product  obtained  by  oxidation  solidifies  but  slowly 
and  very  incompletely. 
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0-1694  gave  04288  CO.,  and  0  1568  H.,O.     C  =  69'03  ;  H  -  10-28. 
C6H9(CH3)2COOH  requires  C  =  69:23  ;  H  =  10-25  per  cent. 

Hexahydro-xylic  acid  crystallises  from  light  petroleum  (100  —  120°) 
in  thick  plates  melting  at  76  —  78°.  It  boils  at  250—255°,  and  is 
readily  soluble  in  benzene,  alcohol,  and  acetic  acid  ;  sparingly  in  cold, 
easily  in  hot,  light  petroleum.  Its  solution  in  cold  dilute  sodium 
carbonate  decolorises  permanganate  only  very  slowly. 

Anilide  of  Hexahydro-xylic  Acid,  C(}H9(CH3)2-CO-NH-C6H5. 

This  anilide  was  obtained  from  reduced  xylic  acid,  and  employed  for 
the  preparation  of  the  foregoing  hexahydro-xylic  acid. 

Reduced  xylic  acid  (28  grams)  was  heated  for  about  15  minutes  with 
phosphorus  trichloride  (14  grams),  and  the  liquid  decanted  from  the 
phosphorous  acid  and  distilled  under  reduced  pressure  ;  the  acid  chloride 
(30  grams),  which  came  over  at  about  130  —  140°  (40  mm.),  was  then 
dissolved  in  pure,  dry  ether,  and  carefully  added  to  an  ethereal  solution 
of  aniline  (56  grams)  ;  after  a  ort  time  water  was  added  and  the 
ethereal  solution  washed,  dried,  &c.,  as  before.  The  oil  obtained  in 
this  way  soon  solidified,  and  after  being  four  times  recrystallised  from 
a  mixture  of  alcohol  and  petroleum  (b.p.  100  —  120°),  was  obtained  in 
needles  melting  at  180°. 

On  analysis,  nitrogen  was  found  =  6  -26  per  cent.  ;  C8H15*  CO  'NH-  C6H5 
requires  N  =  6-06  per  cent. 

The  anilide  of  hexahydro-xylic  acid  is  sparingly  soluble  in  cold  ben- 
zene and  alcohol,  but  dissolves  readily  in  these  solvents  on  boiling  ;  it 
is  almost  insoluble  in  cold  petroleum  (b.p.  100  —  120°)  and  only 
sparingly  soluble  in  the  hot  solvent.  These  properties,  together  with 
its  unusually  high  melting  point,  distinguish  this  anilide  from  the  cor- 
responding anilide  of  hexahydroparaxylic  acid. 

It  is  hydrolysed  on  heating  with  an  acetic  acid  solution  of  hydrogen 
chloride  in  a  sealed  tube  for  12  hours  at  150°,  an  almost  quantitative 
yield  of  hexahydro-xylic  acid  being  produced. 

Ethylic  bromhexahydro-xylate,  C8H14Br«COOC2H5. 


COOC2H5 


CH>CH3 

i 


H2C  CH 


CH3 

This  was  prepared  in  the  same  manner  as  the  isorneric  ethylic  brom- 
hexahydroparaxylate.       The    specimen    prepared    boiled    at    160  —  170° 


AND    OF    METHYl.TEIlEPHTHALIC   ACIDS,    ETC.  175 

(40  mm.),  but  was  apparently  not  quite  pure  and  probably  contained 
traces  of  the  ethylic  salt  of  bromo-xylic  acid,  C8HsBr'COOC2H5.  We 
were  led  to  these  conclusions  from  the  fact  that  a  bromine  determina- 
tion gave  too  high  a  result,  and,  secondly,  that  the  oil  on  hydrolysis 
with  potash  yielded  a  small  quantity  of  a  solid,  acid  which  melted  at 
170°  and  contained  bromine,  apparently  a  monobromo-xylic  acid. 

The  ethylic  bromhexahydro-xylate,  prepared  as  explained  above,  gave 
the  following  results  on  analysis. 

0-3010  gave  0'2222  AgBr.     Br  =  31-41. 

C8H14Br-COOC2H5  requires  Br  =  30'42  per  cent. 

Ethylic  tetrahydro-xylate,  C8Hig-  COOC2H6. 

This  was  obtained  by  the  action  of  diethylaniline  on  the  brom- 
ethereal  salt  just  described.  It  is  a  pleasant-smelling  liquid  boiling 
at  228°  (752  mm.). 

0-1293  gave  0'3418  C02  and  0'1122  H2O.     0  =  72-02  H  =  9'64. 
C8H13-COOC2H5  requires  0  =  72 -52  ;  H  =  9'89  per  cent. 

A  small  quantity  of  this  ethylic  salt  was  hydrolysed  with  potash  and 
yielded  an  acid  melting  at  98 — 110°,  but  the  quantity  was  insufficient 
for  further  examination. 

Preparation  of  Methylisophthalic  Acid  and  of  Methylterephthalic  Acid. 

As  was  explained  in  the  introduction,  the  oxidation  of  pseudocumene 
witli  dilute  nitric  acid  gives  rise  to  two  dibasic  acids,  namely,  methyl- 
isophthalic  acid,  CH3-C6H3(COOH)2  [CH3  :  COOH  :  COOH  =  1  :  2  :  4], 
and  methylterephthalic  acid,  and  when  the  acids  contained  in  the 
crude  product  of  the  oxidation  are  converted  into  their  methylic  salts 
and  these  are  fractionated  (see  p.  1GO),  the  fraction  180 — 200°  (40  mm.), 
consists  almost  entirely  of  the  methylic  salts  of  these  two  acids.  This 
fraction  solidifies  on  cooling,  and  the  solid  mass,  when  subjected  to  a 
series  of  crystallisations  from  methylic  alcohol,  separates  into  two 
portions,  A,  the  least  soluble,  melting  at  73—74°,  and  B,  which  melts 
at  ab  mt  58 — -60°.  The  melting  point  of  the  fraction  B  does  not  rise 
on  further  crystallisation,  and  it  was,  therefore,  at  first  supposed  that 
this  substance  was  pure,  especially  as,  on  analysis,  it  gave  numbers  agree- 
ing closely  with  those  required  by  the  formula  CH3'  C6H3(COOCH3)0. 

0-1280  gave  0-2986  C02  and  0'0686  H2O.     C  =  63'62;  H  =  5-95. 
CH3-C6H3(COOCH3)2  requires  0  =  63-46  ;  H  =  5'76  per  cent. 

Further  experiments  showed,  however,  that  it  is  a  mixture  of 
methylic  methylisophthalate  and  methylic  msthylterephthalate,  and 
the  only  way  which  we  could  find  to  separate  the  methylisophthalic 
from  the  methylterephthalic  acid  was  by  treatment  with  soJium 
amalgam. 
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Methylisophtkalic  Acid,  [CH3 :  (COOH)2  =  1  :  2  :  4]. 

In  order  to  prepare  this  acid,  the  methylic  salts  B,  melting  at 
58 — 60°  (70  grams)  were  dissolved  in  alcohol,  mixed  with  an  alcoholic 
solution  of  potash  (65  grams),  and  heated  on  the  water  bath  for  2 
hours.  The  alcohol  was  then  distilled  off,  the  residue  diluted  with 
water,  evaporated  until  entirely  free  from  alcohol,  and  the  aqueous 
solution,  after  nitration,  was  acidified  ;  the  copious,  flocculent  precipitate 
which  separated  was  collected  with  the  aid  of  the  pump,  washed  well 
with  water,  and  dried,  first  on  porous  plates,  and  then  at  100°.  It  melted 
at  285 — 290°,  but  on  repeated  recrystallisation  from  glacial  acetic  acid 
the  melting  point  rose  to  293 — 295°,  but  no  higher.  This  substance  is 
a  mixture  of  methylisophthalic  and  methyl terephthalic  acids,  and  in 
order  to  obtain  the  former  acid  from  it  in  a  pure  state,  the  mixture,  in 
quantities  of  10  grams  at  a  time,  was  dissolved  in  sodium  carbonate 
solution  in  a  strong  porcelain  beaker  and  3  per  cent,  sodium  amalgam 
(1  kilo.)  added  in  quantities  of  100  grams  at  a  time.  The  temperature 
of  the  reaction  was  kept  at  about  100°  by  immersing  the  beaker  in  a 
boiling  water  bath,  a  rapid  current  of  carbon  dioxide  was  also  passed 
into  the  mixture  during  the  whole  operation,  and  the  separation  of 
sodium  salts  was  prevented  by  the  addition  from  time  to  time  of  small 
quantities  of  boiling  water. 

When  the  sodium  amalgam  had  all  been  used  up,  the  aqueous  solu- 
tion was  decanted  from  the  mercury,  filtered,  and  acidified ;  the  bulky 
precipitate  then  thrown  down  consisted  of  nearly  pure  methylisophthalic 
acid,  as  the  tetrahydromethylterephthalic  acid  which  is  formed  during 
the  reduction  is  soluble  in  water,  and  remains  dissolved  in  the  mother 
liquor.  The  precipitate  was  collected  with  aid  of  the  pump,  washed 
well  with  water,  dried  first  on  a  porous  plate,  and  then  at  100°,  and 
purified  by  conversion  into  the  methylic  salt. 

For  this  purpose,  the  well-powdered  dry  acid  was  suspended  in  methylic 
alcohol,  the  mixture  saturated  with  hydrogen  chloride  and  allowed  to 
stand  for  some  hours;  water  was  then  added  and  the  methylic  salt 
extracted  with  ether.  The  ethereal  solution,  after  being  washed  with 
water  and  sodium  carbonate  solution,  was  dried  over  calcium  chloride, 
and  the  ether  distilled  off,  when  an  oil  was  left  which  quickly  solidified. 
After  crystallising  three  times  from  methylic  alcohol,  the  methylic  salt 
was  obtained  pure  in  the  form  of  prismatic  needles,  which,  when  heated 
in  a  capillary  tube,  sintered  somewhat  at  77°,  and  melted  at  80°. 

I.  0-1592  gave  0-3710  CO2  and  0-0864  H2O.     C  =  63-55;  H  =  6'03. 

II.  0-1172  „     0-2726  CO2    „    0-0628  H20.     0  =  63-43 ;  H  =  5'95. 
CH3- C6H3(COOCH3)2  requires  C  =  63-46  ;  H-5'76  per  cent. 

Methylic  methylisophthalate,  is  readily  soluble  in  most  of  the  ordinary 
organic  solvents,  it  is,  however,  but  sparingly  soluble  in  cold  methylic 
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ethylic  alcohol,  although  it  dissolves  readily  in  these  solvents  on 
boiling.  On  hydrolysis  with  potash,  it  yields  pure  methylisopJithalic 
acid,  which  separates  from  acetic  acid  as  a  white,  apparently  amorphous, 
powder,  and  melts  at  ab3ut  320—330°. 

0-1188  gave  0-2618  C02  and  0-0480  H2O.     0  =  60-01;  H  =  4'48. 
CH3-C6H8(COOH)2"requires  0  =  60-00  ;  H  =  4-44  per  cent. 

Methylisophthalic  acid  is  practically  insoluble  in  most  organic  sol- 
vents ;  it  dissolves  slightly,  however,  in  boiling  water,  and,  on  cooling, 
separates  almost  completely  in  white,  flocculent  masses.  When  treated 
with  acetic  anhydride  or  acetyl  chloride,  it  does  not  yield  an  anhydride. 
Prolonged  treatment  with  sodium  amalgam  does  not  appear  to  have 
any  action  on  this  acid,  nearly  the  whole  being  recovered  unchanged  on 
acidifying  the  alkaline  product  of  the  reaction. 

In  purifying  methylisophthalic  acid  in  the  way  described  above,  the 
tetrahydroterephthalic  acid  formed  during  the  reduction  remains 
dissolved  in  the  liquors  from  which  the  former  acid  separates  on  acidi- 
fication. To  obtain  this  tetrahydro-acid,  the  solution  was  evaporated  to 
dryness,  and  the  residue  extracted  with  ether  in  a  Soxhlet  apparatus ; 
after  distilling  off  the  ether  and  crystallising  the  extract  from  water, 
pure  tetrahydromethylterephthalic  acid  was  obtained,  melting  at 
240—245°  (see  p.  178). 

0-1 110  gave  0-2386  CO2  and  0-0642  H20.     0  =  58-62;  H  =  6'42. 
CH3-  C6Hr(COOH)2  requires  0  =  58-69  ;  H  =  6'52  per  cent. 

Methylterephthalic  Acid,  {Me  :  (COOH)2  =  1  :  2  :  5] 

The  methylic  salt  A,  the  preparation  of  which  is  given  on  p.  163, 
consists  of  pure  methylic  methylterephthalate. 

0-1052  gave  0-2450  C02  and  0-0540  H20.     0  =  63-51  ;  H  =  5'70. 
CH3-C6H3(COOCH3)2  requires  0  =  63'46  ;  H  =  5'76  per  cent. 

Methylic  methylterephthalate  is  very  readily  soluble  in  benzene,  ethylic 
acetate,  light  petroleum,  and  hot  alcohol,  but  comparatively  sparingly 
in  cold  methylic  or  ethylic  alcohol.  It  melts  at  73 — 74°.  In  order  to 
prepare  methylterephthalic  acid,  the  pure  methylic  salt  (7  grams)  was 
dissolved  in  alcohol,  and  heated  on  the  water  bath  with  alcoholic  potash 
(7  grams)  for  2  hours.  The  product  was  diluted  with  water,  evaporated 
until  free  from  alcohol,  filtered,  and  acidified,  when  a  very  voluminous 
precipitate  was  thrown  down.  This  was  collected  with  the  aid  of  the 
pump,  washed  well  with  water,  dried,  and  purified  by  crystallisation 
from  hot  glacial  acetic  acid,  from  which  it  separates  as  an  apparently 
amorphous  powder  melting  at  325 — 330°. 
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0-1106  gave  0-2420  C02  and  0-0458  H20.     0  =  59-67 ;  H  =  4-61. 
CH3'C6H3(COOH)2  requires  C  =  60'00  ;  11  =  4-44  per  cent. 

Methylterephthalic  acid  resembles  methylisophthalic  acid  very  closely 
in  its  properties.  It  is  practically  insoluble  in  most  organic  solvents, 
such  as  benzene,  chloroform,  light  petroleum,  and  ether,  and  although 
more  readily  soluble  in  boiling  xylene  and  glacial  acetic  acid,  it  is  practi- 
cally insoluble  in  these  solvents  in  the  cold.  When  heated,  it  sublimes 
without  forming  an  anhydride.  Methylterephthalic  acid  is  moderately 
easily  reduced  when  its  solution  in  sodium  carbonate  is  boiled  with 
sodium  amalgam,  and  in  this  respect  it  differs  remarkably  from 
methylisophthalic  acid,  which  does  not  appear  to  be  affected  at  all  by 
this  treatment. 

Tetrahydromethylterephthalic  Acid,  CH3-06H7(COOH)2. 

In  order  to  prepare  this  acid,  methylterephthalic  acid  (18  grams)  was 
dissolved  in  a  little  sodium  carbonate  solution,  heated  to  about  100°  by 
means  of  a  water  bath,  and  sodium  amalgam  (2  kilos.)  added  in  small 
quantities  at  a  time,  a  current  of  carbon  dioxide  being  passed  through 
the  liquid  during  the  operation.  When  the  sodium  amalgam  had  all 
been  added,  the  aqueous  solution  was  filtered,  acidified,  and  the  precipi- 
tate, collected  by  the  aid  of  the  filter-pump,  was  washed  with  a  little 
water,  and  purified  by  crystallisation  from  hot  water.  It  is  thus  obtained 
apparently  in  the  amorphous  condition  ;  it  melts  at  240 — 245°,  sintering 
at  about  230°. 

0-1182  gave  0*2554  C02  and  0  0696  H20.     0  =  58-82  ;  H  =  6-53.        \ 
CH3-C6H7  (COOH)2  requires  C  =  58'69;  H  =  6-52  per  cent. 

Tetrahydromethylterephthalic  acid  is  fairly  soluble  in  organic  solvents, 
and  especially  readily  in  glacial  acetic  acid ;  it  is  easily  soluble  in  hot 
water,  and  as  it  is  also  fairly  soluble  in  cold  water,  a  considerable  quan- 
tity remains  in  the  mother  liquors  after  the  acid  has  been  collected. 
This  can  be  recovered  by  evaporating  and  extracting  the  solid  residue 
with  ether  in  a  Soxhlet's  apparatus  (see  p.  177). 

A  solution  of  the  acid  in  sodium  carbonate  decolourises  potassium 
permanganate  very  quickly,  but  the  acid  itself  appears  to  have  little 
affinity  for  bromine  or  hydrogen  bromide. 

An  attempt  was  made  to  prepare  the  bromhexahydro-acid  by  heating 
the  tetrahydro-acid  with  a  solution  of  hydrogen  bromide  in  glacial 
acetic  acid  in  a  sealed  tube  at  100°  for  several  hours.  On  diluting  the 
product  with  water,  a  black,  oily-looking  precipitate  was  obtained,  but 
all  attempts  to  isolate  a  pure  bromhexahydro-acid  for  it  were  unsuc- 
cessful. When  the  black  mass  was  dissolved  in  acetic  acid  and  treated 
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ith  zinc  dust,  a  small  quantity  of  what  appeared  to  be  impure  tetra- 
hydromethylterephthalic  acid  was  obtained.  The  experiment  was 
repeated  several  times,  and  in  one  instance  an  acid  was  obtained  which 
decomposed  permanganate  only  very  slowly,  and  melted  at  210 — 220° ; 
the  quantity,  however,  was  too  small  to  permit  of  further  investigation. 

Methylic  tetrahydromethylterephthalate,  CH3-  C6H7(COOCH3)2. 

This  compound  was  prepared  by  saturating  a  solution  of  the  acid  in 
methylic  alcohol  with  dry  hydrogen  chloride,  and  adding  water  after  the 
mixture  had  been  left  for  several  hours.  The  oil  which  separated  was 
extracted  with  ether,  the  ethereal  solution  washed  with  sodium  car- 
bonate and  then  with  water,  and  dried  by  calcium  chloride  ;  the  ether 
was  distilled  off  and  the  oily  residue  distilled  under  reduced  pressure. 

0-1676  gave  0-3800  C02  and  0-1146  H20.     C  =  61'83  ;  H  =  7-59. 
CH3-C6H7(COOCH3)2  requires  C  =  62*26 ;  H  =  7'55  per  cent. 

Methylic  tetrahydromethylterej)hthalate  is  an  oil  possessing  compara- 
tively little  odour;  it  boils  at  165—170°  (20  mm.). 

Preparation  of  Methylterephthalic  Acid  by  the  Oxidation  of  Xylic  Acid 
and  of  Paraxylic  Acid. 

These  experiments  were  instituted,  as  explained  in  the  introduction, 
with  the  object  of  obtaining  pure  methylterephthalic  acid  for  comparison 
with  the  acids  obtained  by  the  oxidation  of  pseudocumene. 

Xylic  acid  (2  grams)  was  dissolved  in  sodium  carbonate  solution  and 
heated  on  a  water  bath  with  a  dilute  solution  of  potassium  permanganate 
(4  grams)  until  the  pink  colour  had  disappeared.  The  manganese 
dioxide  was  then  removed  by  filtration,  washed  with  hot  water,  and  the 
filtrate  evaporated  to  a  small  bulk  ;  on  acidifying  the  liquid  a  volu- 
minous precipitate  of  methylterephthalic  acid  was  thrown  down.  This 
was  collected,  dried  on  a  porous  plate,  and  crystallised  from  glacial 
acetic  acid,  when  it  separated  as  an  apparently  amorphous  powder 
melting  at  320 — 330°.  The  acid  was  converted  into  its  methylic  salt 
by  means  of  methylic  alcohol  and  hydrogen  chloride  in  the  usual  way  ; 
after  crystallising  from'  methylic  alcohol,  it  melted  at  73 — 74°,  and  was 
found  to  be  identical  with  the  methylic  salt  of  this  melting  point,  already 
described  as  methylic  methylterephthalate  (p.  177). 

On  oxidising  paraxylic  acid  in  precisely  the  same  way,  an  acid  was 
obtained  which  again  melted  at  320 — 330°  and  yielded  a  methylic 
salt  melting  at  73 — 74°  identical  with  that  obtained  from  xylic  acid. 
These  two  experiments  prove  that  this  substance,  melting  at  73 — 74°, 
must  be  the  methylic  salt  of  methylterephthalic  acid. 
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Preparation  of  Methylisophthalic  Acid  by  the  oxidation  of  Isoxylic  Acid. 

The  isoxylic  acid  required  for  these  experiments  was  obtained  by  the 
oxidation  of  paraxylyl  methyl  ketone  (CH3)2C6H3'C(>CH3,  this  being 
prepared  by  a  method  similar  to  that  recommended  by  Glaus  and 
Wollner  (Ber.,  1885,  18,  1856),  namely,  by  treating  a  mixture  of 
paraxylene  and  acetyl  chloride  with  aluminium  chloride. 

Paraxylene  (20  grams)  was  mixed  with  acetyl  chloride  (25  grams) 
and  carbon  bisulphide  (60  grams),  and  finely-powdered  aluminium 
chloride  (26  grams)  was  gradually  added  to  the  mixture,  which  was  well 
shaken  during  the  operation.  The  whole  was  then  heated  on  the  water 
bath  for  a  few  minutes,  arid  afterwards  poured  on  to  ice.  The  oil 
containing  carbon  bisulphide  was  extracted  with  ether,  the  ethereal 
solution  washed  with  sodium  carbonate,  then  with  water  and  dried  over 
calcium  chloride  ;  the  ether  and  carbon  bisulphide  were  then  distilled 
off,  and  the  residue  fractionated  under  the  ordinary  pressure.  About 
7  grams  of  an  oil  boiling  at  220 — 230°,  and  consisting  of  nearly  pure 
paraxylyl  methyl  ketone,  were  obtained,  and  10  grams  of  paraxylene 
were  recovered  unchanged. 

Oxidation  of  paraxylyl  methyl  ketone, — The  fraction  boiling  at 
220 — 230°  was  mixed  with  about  30  grams  of  dilute  nitric  acid  (1  vol.  of 
acid,  sp.  gr.  1*4,  and  3  vols.  of  water)  and  heated  just  to  boiling  for 
2  hours.  On  cooling  the  mixture,  the  oily  product  solidified  to  a  hard 
mass  ;  this  was  collected,  washed  with  water,  and  boiled  for  a  consider- 
able time  with  sodium  carbonate  solution.  The  liquid  was  filtered  from 
the  insoluble  matter,  extracted  once  with  ether  and  then  acidified  ;  the 
bulky  precipitate  thus  produced  was  collected,  washed  with  water,  dried 
on  a  porous  plate,  and  recrystallised  from  acetic  acid.  In  this  way 
isoxylic  acid,  C6H3Me2*COOH[Me2  :  COOH  =  1:2:4],  was  obtained 
quite  pure,  melting  at  132°. 

The  oxidation  of  isoxylic  acid  with  permanganate  was  conducted  in 
exactly  the  same  manner  as  described  in  the  case  of  xylic  acid  (p.  179), 
and  a  dibasic  acid  was  obtained  which,  as  it  did  not  give  an  anhydride, 
was  evidently  methylisophthalic  acid.  It  melted  at  320 — 330°,  and 
yielded  a  methylic  salt  which,  after  crystallisation  from  alcohol, 
melted  at  79 — 80°  ;  this  was  identical  with  the  substance  of  the  same 
melting  point  described  on  page  177  as  methylic  methylisophthalate. 
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Synthesis  of  i  Camphoronic  Acid. 
By  WILLIAM  HENRY  PERKIN,  jun.,  and  JOCELYN  FIELD  THORPE. 

AMONG  the  reactions  which,  up  to  the  present,  have  thrown  light  on 
the  constitution  of  camphor,  its  oxidation  by  means  of  nitric  acid  has 
probably  yielded  by  far  the  most  valuable  results.  Laurent  (Annalen, 
1837,  22,  135)  first  showed  that  camphoric  acid  was  formed  during 
this  process,  and  Kachler  (Annalen,  1871,  159,  302)  first  isolated 
camphoronic  acid  from  the  products  of  the  oxidation  ;  subsequently, 
Roser  (Ber.,  1885,  18,  3112)  obtained  camphanic  acid  (hydroxy- 
camphoric  acid)  from  the  mother  liquors  which  remain  when  the 
camphoric  and  camphoronic  acids  have  been  separated.  Since 
camphoric  acid  may  be  converted  into  camphanic  acid  by  careful 
oxidation  (Balbiano,  Mend.  Ace.  Lincei,  1893,  ii,  240),  whilst  cam- 
phanic acid  itself,  by  treatment  with  nitric  acid  or  chromic  acid,  yields 
considerable  quantities  of  camphoronic  acid  (Bredt,  Ber.,  1835,  18, 
2989  ;  Koenigs,  Ber.,  1893,  26,  2337),  it  is  evident  that  these  three 
acids  represent,  as  Bredt  has  pointed  out,  distinct  stages  in  the  decom- 
position of  the  camphor  molecule  ;  the  oxidation  of  camphor  may  conse- 
quently be  represented  thus  : 

Camphor.    — >     Camphoric  acid.  ->  Camphanic  acid.  ->  Camphoronic  acid. 
C10H160  CIOH1604  C10H1605  C9H1406 

Camphoric  acid  has  been  obtained  from  camphor  by  Claisen  and 
Manasse  (Annalen,  274,  86)  by  a  second  very  interesting 
method.  These  chemists  converted  camphor  into  isonitrosocamphor, 

'  I '  ,  by  the  action  of  amylic  nitrite  and  sodium  methoxide  ; 

by   subsequently   treating    this    substance   with    nitrous   acid,    they 
discovered    camphorquinone,    C8H14<^  i    ,    an    interesting    substance 

which,  when  digested  with  a  solution  of  potash  in  methylic  alcohol,  is 
slowly  oxidised  (probably  by  the  oxygen  of  the  air)  to  camphoric  acid, 

OOH 
OOH 

This  series  of  reactions  indicates  that  camphoric  acid  is  very  closely 
related  to  camphor,  and,  indeed,  it  is  usually  supposed  that  the  former 
is  derived  from  the  latter  by  the  oxidation  of  the  group  — CH9*CO-  to 
two  carboxyl  groups,  the  relationship  being  well  understood  from  the 
formulae 


4<^  i ' 


Camphor.  Camphoric  acid. 
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Many  experiments  have  been  made  with  the  object  of  determining 
the  constitution  of  camphoric  acid,  and  many  formulae  have  been  sug- 
gested for  this  substance  ;  but  it  is  hardly  likely  that  its  constitution 
will  be  definitely  established  until  the  acid  has  been  prepared  syn- 
thetically. 

In  the  meantime,  chemists  have  also  been  busily  engaged  in  endeavour- 
ing to  discover  the  constitution  of  cainphoronic  acid,  as,  if  the  consti- 
tution of  this  acid,  which  contains  only  one  carbon  atom  less  than 
camphoric  acid,  could  be  definitely  settled,  very  important  deductions 
could  obviously  be  made  with  regard  to  the  constitution  of  camphoric 
acid,  and  of  camphor  itself. 

Kachler  (Annalen,  1873,  169,  185),  who  first  obtained  camphoronic 
acid  in  a  pure  state,  considered  the  acid  to  be  a  hydroxydibasic  acid, 
C9H1205,  crystallising  with  1H2O,  and  he  suggested  the  following 
formula  as  best  expressing  its  constitution  : 

H 


H2C         C-CH(OH)-COOH 
HC        OCOOH 


Kissling  (Inaug.  Diss.Wiirzburg,  1878)  first  showed  that  camphoronic 
acid  had  the  formula  C9H14O0,  and  both  he  and  Bey  her  (Inaug.  Diss. 
Leipzig,  1891)  considered  the  acid  to  be  a  hydroxyketodicarboxylic 
acid  of  the  formula  CH(CH3)2-CH(COOH)-CO-CH2-CH(OH)-COOH. 

Bredt  (Annalen,  1884,  226,  249—261)  it  was  who,  as  the  result  of 
a  careful  investigation  of  the  salts  of  camphoronic  acid,  first  clearly 
showed  that  the  acid  was  tribasic  ;  and  further,  as  the  acid  distilled 
under  diminished  pressure  without  decomposing,  he  concluded  that 
the  three  carboxyl  groups  must  be  attached  to  three  different  carbon 
atoms,  otherwise,  if  any  two  carboxyl  groups  were  attached  to  the 
same  carbon  atom,  the  acid  would  be  a  substituted  malonic  acid,  and 
like  this  acid  loose  carbon  dioxide  at  high  temperatures. 

Bredt,  at  that  time,  thought  it  possible  that  the  constitution  of 
camphoronic  acid  was  represented  by  one  of  the  following  formulae,  of 
which  he  considered  I  the  more  probable  : 

CH3-  C  H-  CH3  CH3-  CH-  CH3 

I.     CH2  --  C  ----  CH2  II.  CH  --  CH  --  CH2 

COOH  COOH  COOH  COOH  COOH  COOH 

$-Isopropyltricarballylic  acid.  a-Isopropyltricarballylic  acid. 

Subsequently,  Collie  (Ber.,  1892,  25,  1116)  arrived  at  the  second  formula 
for  camphoronic  acid,  from  the  consideration  of  a  new  constitution  for 
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camphor  which  he  had  suggested,  but  this  formula  was  clearly  proved  to 
be  incorrect  by  Kolner  and  von  Meyenburg  (Ber.,  1891,  24,  2899),  who 
prepared  a-isopropyltricai  bally  lie  acid  synthetically,  and  showed  that 
its  properties  were  quite  different  from  those  of  camphoronic  acid. 

The  next  important  step,  which  had  a  direct  bearing  on  the  question 
of  the  constitution  of  camphoronic  acid,  was  the  discovery  by  Bredt 
and  Helle  (Ser.,  1885,  18,  2990;  1893,  26,  3049)  that  this  acid,  when 
distilled  under  the  ordinary  pressure,  is  slowly  but  almost  completely 
decomposed  with  formation  of  trimethylsuccinic  acid,  isobutyric  acid, 
and  other  products.  Since  the  formation  of  trimethylsuccinic  acid  in 
this  way  is  an  indication  that  camphoronic  acid  probably  contains  the 

group  COOH-C(CH3)2-C(CH3)-COOH,  Bredt  proposed  the  formula 
COOH-  C(CH3)2-  C(CH3)(COOH)-  CH2-  COOH  for  camphoronic  acid,  and 
represented  the  series  —  camphor,  camphoric  acid,  camphanic  acid,  and 
camphoronic  acid  —  in  the  following  way  : 

CH2—  (,?H  --  CH2  CH2—  CH-  COOH 

I          C(CH3)2  1  C(CH3)2 

CH2—  C(CH3)-CO  CH2—  C(CH3)-COOH 

Camphor.  Camphoric  acid. 

CH2—  C^;   —COOH  COOH     COOH 

|          9(OHS)2   O  |  C(CH3)2 

CH2—  C(CHS)—  CO  CH2  -  C(CH3)-COOH 

Camphanic  acid.  Camphoronic  acid. 

bringing  out  very  clearly  the  relationship  which  exists  between  them. 
Recently  Tiemann  (Ber.,  1895,  28,  1089)  suggested  a  modification  of 
Bredt's  formula  as  the  probable  constitution  of  camphor,  and  was  thus 
led  to  represent  the  above  series  in  quite  a  different  way. 


(CH3)2C  --  CH—  CHa  (OH3)2C  --  CH-  COOH 

i         CH2     |  CH2 

CH8-  CH-CH—  CO  CH3-CH—  CH-  COOH 

Camphor.  Camphoric  acid. 

(CH3)2C—  :  CH—  CO  (CH3)2C  -  CH-  COOH 

CH.2    0  COOH 

CH3-  CH—  CT^COOH  CH3-  CH—  COOH 

Camphanic  acid.  Camphoronic  acid. 

It  is  remarkable  that  Tiemann  should  have  suggested  a  formula  for 
camphoronic  acid  which  contains  the  group  -CH(COOH)2,  especially 
when  it  is  borne  in  mind  that  this  acid  may  be  distilled  without  loss 
of  carbon  dioxide  at  200°  under  reduced  pressure,  a  behaviour  which  is 
shown  by  no  other  derivative  of  malonic  acid,  In  order  to  get  over 
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this  difficulty,  Tiemann  assumes  that  camphoronic  acid,  when  heated, 
is  converted  into  an  anhydro-acid  of  the  formula 
CH3-CH-  C(CH3)2-  CH-  COOH 

CO 0— ^CO 

and  that  this  acid  is  stable  at  high  temperatures. 

But,  as  was  pointed  out  by  one  of  us  (Proc.,  1896,  p.  189),  com- 
pounds of  this  nature  when  heated  lose  carbon  dioxide  in  the  same  way 
as  derivatives  of  malonic  acid  ;  for  example,  carbobutyrolactonic  acid, 

9H2  CH2*  ^ H          >H,  decomposes  at  comparatively  low  temperatures 

quite  readily  into  butyrolactone  and  carbon  dioxide,  but  a  still  better 
example  is  given  by  Bredt  (Annalen,  1896,  292,  130)  in  ethyl  methylcar- 
boxyglutaric  acid,  COOH-CH(CH3)2-CH2-C(C2H5)(COOH)2  (Bischoff, 
Ber.,  1891,24, 1050),  the  formula  of  which  is  closely  related  toTiemann's 
formula^  for  camphoronic  acid,  and  which,  when  heated  at  166'5°, 
melts  with  evolution  of  carbon  dioxide. 

In  order,  however,  to  bring  still  further  evidence  against  Tiemann's 
formula  camphoronic  acid  was  heated  under  conditions  which  pre- 
cluded the  possibility  of  the  formation  of  the  anhydro-acid,  namely,  in 
solution  in  water  at  230°,  and  still  no  decomposition  could  be  detected, 
the  acid  being  recovered  quite  unchanged  on  evaporating  the  solution 
(Perkin,  loc.  cit.). 

Subsequently,  Bredt  (Annalen,  1896,  292,  131)  showed  that  the  tri- 
ethylic  salt  of  camphoronic  acid  does  not  react  with  sodium,  as  it  would 
be  expected  to  do  if  it  contained  the  group  -CH(COOC2H5)2. 

Whilst,  then,  it  had  been  shown  that  Tiemann's  formula  was  incor- 
rect, it  still  remained  to  prove  definitely  the  correctness  of  Bredt' s 
formula,  pud  the  most  satisfactory  way  of  doing  this  seemed  to  be  to 
prepare  an  acid  of  this  formula  synthetically,  and  to  compare  the 
synthetical  acid  with  that  obtained  from  camphor. 

The  first  experiments  on  this  subject  were  instituted  by  Dr.  Bone 
and  one  of  us,  and  the  method  which  was  then  tried  was  the  follow- 
ing. Ethylic  bromotrimethylsuccinate, 

C0002H5-  C(CH3)2-  CBr(CH8)-  COOC2H5, 

was  first  prepared  by  brominating  trimethylsuccinic  anhydride  and 
treating  the  broino-anhydride  thus  obtained  with  alcohol.  This 
ethereal  salt  was  then  digested  in  alcoholic  solution  with  ethylic 
sodiomalonate,  when  it  was  expected  that  the  following  reaction  would 
take  place. 

COOC2H5-  C(CH3)2-  CBr(CH3)-COOC2H5  +  CHNa(COOC2H5)2  = 
COOC2H5-  C(CH3)2-  C(CH3)(COOC2H6)-  CH(COOC2H5)2  +  NaBr. 

The  ethereal  salt  thus  formed  should,  on  hydrolysis  and  elimination 
of  carbon  dioxide,  yield  camphoronic  acid, 
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COOH-  C(CH3)9-  C(CH3)(COOH)-  CH(COOH)2  -  C02  = 
COOH-  C(CH3)2*  C(CH3)(COOH)-  CH2-  COOH. 

The  product  of  this  reaction,  after  hydrolysis  and  subsequent 
heating  at  180°,  was  carefully  investigated,  but  it  did  not  appear  to 
contain  camphoronic  acid.  As,  however,  we  were  at  that  time  not 
sufficiently  well  acquainted  with  the  method  of  isolation  of  small 
quantities  of  camphoronic  acid,  we  are  again  investigating  this  reaction, 
and  hope  soon  to  be  able  to  communicate  the  results  of  our  experiments 
to  the  Society.  Several  other  reactions  which  seemed  likely  to  yield 
camphoronic  acid  were  subsequently  investigated,  but  also  without 
success,  until  ultimately  the  method  which  is  described  in  this  paper 
was  devised  and  found  on  trial  to  give  the  desired  result. 

Ethylic  p-hydroxy-a.ap-tQ'imethylglutarate, 

COOC2H5-  C(CH3)2-  C(OH)(CH3)-  CH2-  COOC2H5, 

was  prepared  by  two  different  reactions  which  left  no  doubt  as  to  its 
constitution,  namely,  the  action  of  zinc  on  mixtures  of  (I)  ethylic 
acetoacetate  with  ethylic  bromisobutyrate,  and  (II)  ethylic  dimethyl- 
acetoacetate  with  ethylic  bromacetate.* 

(CHa)2CBr  CO-CH2  [      (CH3)2C-CO  CH2Br 

C2H5OOC  CH.5  COOC2H5       C2H5OOC     CH3  COOC2H5 

give  (CH3)2C— C(OH)—CH2 

C2H5OOC     CH3         COOC2H5' 

In  both  cases,  an  ethereal  salt  boiling  at  165°  (30  mm.)  was 
obtained ;  this  consisted  for  the  most  part  of  ethylic  hydroxytri- 
methylglutarate, but  mixed  with  varying  quantities  of  ethylic 
trimethylglutaconate,  COOC2H5-  C(CH3)2-  C(CH3):CH-  COOC2H5,  the 
latter  being  produced  by  the  elimination  of  water  from  the  hydroxy- 
compound,  either  during  the  condensation,  or  more  probably  during 
the  subsequent  fractionation  of  the  ethereal  salt  under  reduced 
pressure.  Since,  then,  the  products  from  the  two  reactions  represented 
above  are  identical,  there  can  be  no  doubt  as  to  the  constitution  of  the 
compound  used  as  the  starting  point  in  this  synthesis.  When  ethylic 
hydroxytrimethylglutarate,  obtained  by  either  of  these  methods,  is 
hydrolysed  with  dilute  hydrochloric  acid,  /3-hydroxy-aa/?-trimethyl- 
glutaric  acid,  COOH-  C(CH3)2-C(OH)(CH3)-CH2-  COOH,  melting  at 
128°  is  produced,  together  with  small  quantities  of  trimethylglutaconic 
acid,  COOH- C(CH3)2-C(CH3):CH- COOH;  if,  however,  concentrated 
hydrochloric  acid  is  employed,  the  product  of  the  reaction  consists 
almost  entirely  of  the  latter  acid.  Boiling  with  alcoholic  potash 
decomposes  ethylic  hydroxytrimethylglutarate  with  formation  of 
acetic  and  isobutyric  acids. 

*  Compare  Trans..  1896,  69,  1463. 
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Ethylic  hydroxytrimethylglutarate  is  readily  acted  on  by  phosphorus 
pentachloride  with  formation  of  ethylic  chlorotrimethylglutarate, 
COOC2H5-C(CH3)2-CC1(CH3)-CH2-C0002H5,  boiling  at  139°  under  20 
mm.  pressure ;  this  has  been  obtained  in  a  pure  condition  only  on  one 
or  two  occasions,  as  usually  it  contains  varying  quantities  of  ethylic 
trimethylglutaconate,  which,  as  stated  above,  is  present  in  the  hydroxy- 
ethereal  salt  prepared  by  the  methods  adopted.  Ethylic  bromo- 
trimethylglutarate,  prepared  in  an  analogous  way,  boils  at  160° 
(35  mm.).  If  either  the  chloro-  or  bromo-derivative  is  heated  with 
potassium  cyanide  and  alcohol  at  160°  for  12  hours,  ethylic  cyano- 
trimethylglutarate,  COOC2H5-C(CH3)2-  C(CN)(CH3)-CH2- COOC2H5,  is 
obtained  as  a  colourless  oil  which  distils  approximately  at  170 — 175° 
(25  mm.) ;  this,  like  the  bromo-  and  chloro-derivatives,  always  contains 
varying  quantities  of  ethylic  trimethylglutaconate,  so  much  of  the 
latter  sometimes  being  present  that  it  must  evidently  be  produced  by 
the  action  of  the  potassium  cyanide  on  the  halogen  ethereal  salt. 

When  the  cyano-ethereal  salt  is  hydrolysed  by  boiling  with  hydro- 
chloric acid,  and  the  product  allowed  to  cool,  large  quantities  of 
trimethylglutaconic  acid  separate;  and  the  amount  is  usually  so 
considerable  that  we  are  forced  to  the  conclusion  that  some  of  it 
must  be  formed  by  the  elimination  of  hydrogen  cyanide  during  the 
hydrolysis. 

If  now  the  crystals  of  trimethylglutaconic  acid  are  removed  by 
filtration,  and  the  filtrate,  after  being  rendered  strongly  alkaline  with 
ammonia,  is  mixed  with  barium  chloride,  no  precipitate  is  produced 
in  the  cold,  but,  on  boiling,  a  small  quantity  of  a  sparingly  soluble 
barium  salt  separates ;  this  has  been  proved  to  be  the  barium  salt  of 
i-camphoronic  acid,  the  synthesis  of  the  acid  having  taken  place  thus  : 

COOC2H5-C(CH3)2-C(CH3)(CN)-CH2-COOC9H5  +  HC1  +  4H20 
=  COOH-C(CH3)2-C(CH3)(COOH)-CH2-COOH  +  NH4C1  +  2C2H5-OH. 

Aschan  (Ber.,  1895,  28,  16  and  224),  who  has  so  carefully  examined 
camphoronic  acid,  has  shown  that  this  acid  is  capable  of  existing  in 
three  well-defined  modifications,  namely,  as  d-,  1-,  and  i-camphoronic  acid. 
d-Camphoronic  acid*  produced  by  the  oxidation  of  d-camphor  and  of 
d-camphoric  acid,  melts  at  156°,  dissolves  in  6  parts  of  water  at  20°, 
and  is  Isevorotatory,  [a]j=  -26*9. 

\-Camphoronic  acid,  which  was  isolated  by  Aschan  from  the  residues 

*  As  ordinary  camphoronic  acid  is  derived  from  the  oxidation  of  c£-camphor  and 
cZ-camphoric  acid,  it  appears  to  us  that,  although  it  happens  to  be  Isevorotatory,  it 
must  nevertheless  be  called  d-camphoronic  acid  ;  the  relationship  between  'these 
substances  being  somewhat  similar  to  that  of  ^-glucose  and  d-fructose,  the  latter 
receiving  the  prefix  d  in  spite  of  its  powerful  Isevorotatory  action,  owing  to  its 
belonging  to  the  same  class  as  c^-glucose.  For  this  reason  we  have  taken  the  liberty 
of  reversing  the  prefixes  d  and  I  used  by  Aschan. 
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obtained  in  the  preparation  of  ^-camphoric  acid  from  £-borneol,  melts  at 
158 — 159°,  dissolves  in  6  parts  of  water  at  20°,  and  is  dextrorotatory, 
the  value  [«]j=  +27*05  corresponding  exactly  with  the  reverse  value 
of  the  d-acid. 

i-Camphoronic  acid  was  prepared  by  Aschan  by  mixing  solutions  of 
equal  proportions  of  the  d-  and  I-  acids ;  it  differs  from  the  active  acids 
in  being  much  less  soluble  in  water  (1  part  requires  27  parts  of  water 
at  20°),  in  crystallising  in  much  better  denned  crystals,  and  in  melting 
at  a  somewhat  higher  temperature,  namely,  about  172°. 

Thanks  to  the  kindness  of  Dr.  Aschan  in  sending  us  a  small  sample 
of  his  inactive  acid,  we  were  enabled  to  compare  its  properties  with 
those  of  the  synthetical  acid  obtained  by  us,  the  result  proving 
that  the  two  acids  are  identical,  the  following  points  being  perhaps 
especially  worthy  of  notice. 

(1)  Both  acids  crystallise  from  water  in  hard,  transparent  prisms, 
which,  when  examined  under  the  microscope,  are  seen  to   be  identical 
in  form. 

(2)  Both  acids  when  heated  side  by  side  on  the  same  thermometer 
soften  at  about  167°  and  melt  at  169 — 172°,  moreover,  no  alteration  in 
the  melting  point  could  be  observed  when  they  were  mixed  in  equal 
proportions. 

(3)  A  solution  of  either  acid  in  water,  after  the  addition  of  excess 
of  ammonia,  gives  no  precipitate  with  barium  chloride  in  the  cold,  but 
on  warming  a  very  sparingly  soluble  barium  salt  separates,  closely 
resembling  barium  sulphate  in  appearance. 

(4)  When  heated  with  acetic  anhydride  under  the  conditions  de- 
scribed in  the  experimental  part  of  this  paper,  both  acids  give  the 
same  anhydrocamphoronic  acid,  melting  at  about  136 — 137°. 

(5)  An  aqueous  solution  of  the  synthetical  acid  was  examined  by 
Dr.  W.  H.  Perkin,  sen.,  and  found  to  be  inactive. 

There  can  be  no  doubt  that  the  synthetical  acid  is  t-camphoronic  acid, 
and  this  synthesis  proves  conclusively  that  camphoronic  acid  must,  as 
was  first  suggested  by  Bredt  (Ber.,  1893,  26,  3049),  have  the  con- 
stitution of  a  trimethyltricarballylic  acid  of  the  formula 

(OH3)2C C(CH3)-CH2 

COOH  COOH      COOH. 

It  is  very  unfortunate  that,  for  reasons  stated  above,  the  yield  of 
camphoronic  acid  obtained  in  this  synthesis  should  be  small,  so  small, 
indeed,  as  to  necessitate  the  employment  of  large  quantities  of  material 
in  order  to  prepare  a  few  grams  of  the  acid.  In  order  to  determine 
whether  an  independent  worker  would  get  the  same  result  as  we  had 
done,  we  requested  Mr.  Hodgson,  a  student  of  Owens  College,  to  repeat 
from  the  commencement  the  whole  of  our  experiments  on  the  synthesis 
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and  isolation  of  camphoronic  acid,  and  he  prepared  in  the  course  of 
his  repetition  of  our  work  about  2  grams  of  the  pure  synthetical  acid. 
We  are  much  indebted  to  Mr.  Hodgson  for  so  kindly  placing  his  time 
(nearly  4  months)  at  our  disposal,  and  for  the  skill  with  which  he 
carried  out  this  very  difficult  piece  of  experimental  work. 

During  the  course  of  the  above  synthetical  experiments,  a  consider- 
able quantity  of  trimethylglutaconic  acid  had  accumulated,  and  this 
we  have  very  carefully  investigated,  and  with  very  interesting  results. 
Trimethylglutaconic  acid,  COOH-  C(CH3)2-C(CH3):CH-  COOH,  al- 
though unsaturated,  is  scarcely  attacked  in  the  cold  by  alkaline  per- 
manganate, and  its  solution  in  chloroform  does  not  decolorise  bromine 
except  on  long  standing,  when  dibromotrimethylglutaric  acid, 

COOH-C(CH3),-CBr(CH3)-CHBr-COOH, 

melting  at  169°,  is  produced.  Sodium  amalgam  appears  to  have  no 
action  on  the  solution  of  the  acid  in  caustic  soda  even  on  boiling,  and, 
indeed,  great  difficulty  was  experienced  in  reducing  the  acid  at  all  ; 
ultimately,  however,  this  was  accomplished  by  repeatedly  treating  the 
acid  in  boiling  alcoholic  solution  with  sodium.* 

aafi-Trimethylglutaric  acid,  obtained  in  this  way,  is  a  beautifully 
crystalline  substance  which  melts  at  112°  and  shows  all  the  properties 
of  a  substituted  glutaric  acid  :  it  is  an  acid  of  more  than  ordinary 
interest  for  the  following  reasons. 

In  1894,  Balbiano  (Berichte,  1894,  27,  2133),  by  the  oxidation  of 
camphoric  acid  with  permanganate  at  the  ordinary  temperature,  obtained 
a  crystalline  acid  of  the  formula  C8H1205,  the  constitution  of  which, 
after  very  careful  examination,  he  now  (Berichte,  1897,  30,  1908)  ex- 
presses by  the  formula 

COOH-  C(CH3)-C(CH3)2-CH-  COOH 

L 


0 


This  acid  on  reduction  with  hydriodic  acid  is  converted  into  a  mono- 
basic lactone  acid  of  the  probable  formula 

*  This  extraordinary  stability  of  trimethylglutaconic  acid  seems  to  suggest  that 
there  is  a  possibility  of  the  constitution  of  the  acid  being  represented  by  a  formula 
different  from  that  given  above.  In  the  elimination  of  water  from  hydroxy  trimethyl- 
glutaric  acid  or  its  ethereal  salt  (or  of  hydrogen  chloride  or  bromide  from  the 
corresponding  chloro-  or  bromo-derivative),  it  is  possible  that  the  change  may  take 
place  thus  with  formation  of  a  trimethylene  derivative 

CH3  CH3    OH      CH3  CH3  CH2     CH3 

COOH-  C C-CH2-  COOH  =  H20  +  COOH-C C'CH2-  COOH* 

If  the  acid,  called  by  us  trimethylglutaconic  acid,  should  prove  to  have  the  constitu- 
tion represented  by  the  latter  formula,  it  would  be  easy  to  understand  its  stability 
towards  permanganate,  bromine,  and  reducing  agents. 


^-CAMPHORONIC  ACID.  1177 

CH(CH3)-C(CH8)2-CI 
CO—  —  O 

and  this,  on  further  reduction,  yields  a  trimethylglutaric  acid,  which 
Balbiano  assumed  to  have  the  formula 

COOH-  CH(CH3)-C(CH3)2-  CH2-  COOH, 

since  this  acid,  on  oxidation,  yields  aa-climethylsuccinic  acid, 
COOH-C(CH3)2-  CH2-  COOH. 

This  decomposition  is  no  doubt  best  explained  on  the  assumption 
that  this  trimethylglutaric  acid  has  the  formula  given  to  it  by  Balbiano, 
but  on  the  other  hand  the  aa/?-triinethyl  acid, 

COOH-  C(CH3)2-  CH(CH3)-CH2-  COOH, 

might  also  yield  aa-dimethylsuccinic  acid  on  oxidation,  and  therefore, 
in  order  to  determine  the  constitution  of  Balbiano's  acid,  it  was  neces- 
sary to  synthesise  either  the  aa/3-  or  the  a/3/3-trirnethylglutaric  acid, 
and  directly  compare  the  synthetical  acid  with  the  acid  from 
camphor. 

In  view  of  the  great  interest  attaching  to  Balbiano's  work,  we  have 
carefully  studied  our  aa/?4rimethylglutaric  acid,  and  we  find  that,  when 
pure,  this  acid  melts  at  112°,  that  it  gives  an  anhydride  melting  at  39°, 
and  an  anilic  acid  melting  at  155°.  Balbiano's  trimethylglutaric  acid, 
on  the  other  hand,  melts  at  88 — 89°,  gives  an  anhydride  melting  at  81°, 
and  an  anilic  acid*  melting,  not  quite  sharply,  at  149 — 150°. 

From  this,  it  is  evident  that  Balbiano's  acid  is  isomeric  with  our 
aa/3-trimethylglutaric  acid,  and  it  must  therefore  be,  as  its  discoverer 
suggested,  the  a/2/3-acid,  COOH- C(CH3)-C(CH3)2-CH2-  COOH. 

During  the  course  of  our  experiments  on  the  reduction  of  trimethyl- 
glutaconic  acid,  we  found  that  this  acid,  when  treated  in  boiling  amylic 
alcohol  solution  with  sodium  is,  curiously  enough,  not  reduced,  but  is 
converted  into  a  most  beautifully  crystalline  substance  of  the  formula 
C8H1003.  This  compound  crystallises  from  water  unchanged,  but  it  is, 
nevertheless,  the  anhydride  of  a  dibasic  acid,  since  it  gives,  with  aniline, 
an  anilic  acid,  C6H10(COOH)-CO-NH-C6H5(m.  p.  138°)  and  this,  when 
heated,  is  readily  converted  into  the  corresponding  anil, 


melting  at  148°. 

*  This  afiQ-trimcthylglutar  anilic  acid  had  not  been  described,  and  we  prepared  it 
for  comparison  with  our  isomeric  anilic  acid  by  dissolving  0'7  gram  of  the  an- 
hydride of  Balbiano's  acid  in  benzene,  adding  07  gram  of  aniline  and  allowing 
the  mixture,  which  became  very  warm,  to  stand.  The  crystals  which  separated  were 
collected,  recrystallised  from  dilute  methylic  alcohol,  and  the  glistening,  crystalline 
mass,  which  melted  approximately  at  149°,  was  analysed  with  the  following  result  : 

01117  gram  gave  5'4  c.c.  nitrogen  at  17°  and  760  mm.     N=5'60. 
C14H19N03  requires  N  =  5'63  per  cent. 
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The  anhydride,  which  we  have  named  iso-lrimethylylutaconic  anhy- 
dride, dissolves  in  boiling  potash  solution,  and  if  the  solution  be  cooled 
to  0°  and  acidified  with  hydrochloric  acid,  the  corresponding  iso-tri- 
methylglutaconic  acid  is  obtained. 

At  its  melting  point  (133°),  this  acid  is  converted  into  its  anhydride 
with  elimination  of  water,  and  the  ease  with  which  the  anhydride  is 
formed  is  shown  by  the  fact  that  if  the  aqueous  solution  of  the  acid 
boiled,  the  anhydride,  and  not  the  acid,  separates  on  cooling.  It  seems 
probable  that  trimethylglutaconic  acid  and  iso-trimethylglutaconic  acid 
like  fumaric  and  maleic  acids,  or  mesaconic  and  citraconic  acids,  are 
stereoisoineric.  The  similarity  in  constitution  between  the  two  latter 
acids  and  the  glutaconic  acids  becomes  very  clear  from  an  examination 
of  the  following  formula. 

COOH-  C-CH3  CH3-  C-COOH 

H-C-COOH  H-  C-COOH 

(trans)  Mesaconic  acid.          (cis)  Citraconic  acid. 

COOH-  C(CH3)2-  C-CH3  CH3-  C-C(CH3)2-  COOH 

H-C-COOH  H-C-COOH 

(trans)  Trimethylglutaconic  acid,      (cis)  iso-Trimethylglutaconic  acid. 

The  c^s-modification  of  trimethylglutaconic  acid  would,  like  maleic 
and  citraconic  acids,  readily  yield  an  anhydride,  but  it  is  certainly 
remarkable  that  the  formation  of  this  anhydride  should  take  place 
so  very  easily,  the  only  analogous  case  being  that  of  xeronic  acid 
(diethylmaleic  acid),  an  acid  which  is  in  many  respects  very  similar  to 
iso-trimethylglutaconic  acid  in  its  properties. 

We  are  at  present  engaged  in  a  further  investigation  of  the  tri- 
Tnethylglutaconic  acids  with  a  view  of  determining  whether,  and  under 
what  conditions,  they  may  be  converted  into  one  another. 

EXPERIMENTAL. 

Condensation  of  Ethylic  Dimethylacetoacetate  with  Etkylic  Bromacetate 

in  the  presence  of  Zinc.     Formation  of  Ethylic  a,a.ft-Trimethyl-($-hydroxy- 

glutarate,  COOC2H5-  C(CH8)2-C(OH)(CH3)-CH2-  COOC2H5. 

After  numerous  experiments,  it  was  found  that  this  condensation 
could  best  be  carried  out  in  the  following  way. 

Ethylic  dimethylacetoacetate  (50  grams)  mixed  with  ethylic  brom- 
acetate  (50  grams)  is  heated  in  a  reflux  apparatus  on  a  water  bath 
until  the  mixture  has  reached  the  temperature  of  90 — 95° ;  a  small 
quantity  of  zinc*  (about  1  gram)  is  then  added,  and  the  flask  shaken 

*  In  order  that  this  reaction  may  proceed  satisfactorily,  the  zinc  used  must  be 
thoroughly  cleaned,  that  is,  it  must  be  quite  free  from  grease  and  oxide  ;  with  this 
object,  commercial  zinc  turnings  are  first  passed  through  a  sieve  to  remove  the 
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vigorously  until  the  metal  has  almost  dissolved ;  another  gram  of  zinc 
is  then  added  and  the  process  continued  until  the  metal  is  only  very 
slowly  attacked  ;  excess  of  zinc  is  now  added  and  the  whole  heated  on 
the  water  bath  for  10 — 12  hours. 

The  addition  of  the  zinc  *  to  the  hot  mixture  of  ethylic  salts  in  this 
experiment  should  be  carefully  carried  out,  as  otherwise  a  very  violent 
action  may  set  in,  in  which  case  there  is  a  great  decrease  in  the 
yield  owing  to  overheating  and  loss  of  the  bromethylic  salt  by  evapora- 
tion and  decomposition. 

The  product  consistsof  a  brown,  viscous  zinc  compound  containing  large 
quantities  of  unchanged  zinc.  On  adding  dilute  sulphuric  acid  (1  : 10), 
the  zinc  compound  is  decomposed  and  a  brown  oil  separates  which  is 
extracted  by  three  successive  treatments  with  ether,  the  ethereal  solution 
is  washed  at  least  six  times  with  dilute  sulphuric  acid,  then  with  water, 
dried  over  potassium  carbonate,  and  the  ether  distilled  off.  It  is  most 
important  that  the  ethereal  solution  should  be  thoroughly  and  repeatedly 
washed  with  dilute  sulphuric  acid,  as  insufficient  washing  always  yields 
a  product  containing  zinc  salts  and  which  decomposes  on  subsequent 
distillation.  On  distilling  the  oil  under  reduced  pressure  (30  mm.),  a 
large  quantity  of  a  fraction  of  low  boiling  point  is  first  obtained 
consisting  largely  of  unchanged  ethylic  dimethylacetoacetate,  the 
thermometer  then  rises  rapidly  to  160°,  the  crude  condensation  product 
passing  over  between  this  temperature  and  180°,  leaving  a  small 
quantity  of  substance  of  high  boiling  point.  On  refractionation,  the 
bulk  distils  at  160— 170°  (30  mm.).  The  fraction  distilling  at  165° 
(30  mm.)  gave  the  following  results  on  analysis. 

0-1420  gave  0-3056  C02  and  0-1140  H20.     0  =  58-69;  H-8'92. 

0-1278     „     0-2751  CO2  and  0-1041  H2O.     C  =  58'60 ;  H  =  9'05. 

C12H2205  requires  C  =  58'54  ;  H  =  8'94  per  cent. 

The  substance  prepared  in  this  way  is  a  colourless,  moderately  limpid 
liquid  with  a  peculiar  smell,  and  consists  for  the  most  part  of  elhylic 
trimethylhydroxyglutarate. 

COOC2H5-C(CH3)2-C(OH)(CH3)-CH2-COOC2H5. 

It  appears,  however  (see  p.  1173),  always  to  contain  some  ethylic 
aa/3-trimethylglutaconate,  COOC2H5-  C(CH3)2-  C(CH3):CH*  COOC2H5, 

coarser  particles,  and  well  washed,  first  with  water,  then  with  hot  dilute  soda,  again 
with  water,  and  lastly  with  very  dilute  hydrochloric  acid  and  water.  Finally,  the 
zinc  is  dried  by  treatment  with  alcohol  and  ether,  and  subsequent  heating  in  a 
steam  oven. 

*  In  some  cases,  no  action  takes  place  for  a  long  time,  the  zinc  being  only  very 
slowly  attacked,  whilst  in  others,  apparently  under  exactly  the  same  conditions,,  the 
zinc  dissolves  at  once,  with  considerable  rise  of  temperature.  The  yield  of  con- 
densation product  is  undoubtedly  more  satisfactory  when  the  reaction  proceeds 
quietly. 
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produced  probably  by  elimination  of  water  during  distillation ;  some- 
times it  contains  traces  only  of  the  unsaturated  ethereal  salt,  whilst  at 
other  times  large  quantities  are  present. 

aa/3-Trimethyl-/3-hydroxyglutaric  Acid, 
COOH-  C(CH3)2-  C(OH)(CH3)- CH2-  COOH. 

When  ethylic  trimethylbydroxyglutarate  is  digested  with  alcoholic 
potash,  it  is  entirely  split  up  into  acetic  and  isobutyric  acids,  but  if 
carefully  boiled  with  dilute  hydrochloric  acid  (3  acid  :  1  water)  for 
about  10  to  12  hours,  hydrolysis  ensues  without  appreciable  decom- 
position ;  on  cooling,  a  small  quantity  of  trimethylglutaconic  acid, 
COOH- C(CH3)2-C(CH3):CH- COOH  (p.  1182),  separates  in  the  crystal- 
line state. 

On  allowing  the  mother  liquor  from  these  crystals  to  evaporate  to 
dry  ness  over  potash  in  a  vacuum  desiccator,  an  acid  was  obtained  which, 
after  recrystallisation  from  a  mixture  of  ethylic  acetate  and  light 
petroleum,  gave  the  following  results  on  analysis. 

0-2134  gave  0-3936  C02  and  0-1421  H20.     C  =  50'30;  H  =  7'4. 
C8H1405  requires  C  =  50'52  ;  H  =  7'36  per  cent. 

This  acid  is  evidently  trimethylhydroxyglutaric  acid,  produced  by  the 
direct  hydrolysis  of  the  ethereal  salt ;  it  crystallises  in  well-defined, 
colourless  prisms,  melts  at  128°,  and  is  readily  soluble  in  water  and  in 
most  solvents  except  light  petroleum 

Ethylic  aaj3-Trimethyl-j3-ckloroglutarate, 
COOC2H5-  C(CH3)2-CC1(CH3)-CH2-  COOC2HS. 

This  ethereal  salt  was  prepared  by  gradually  adding  phosphorus 
pentachloride  (25  grams)  to  ethylic  trimethylhydroxyglutarate  (25 
grams)  contained  in  a  flask  connected  with  a  long  tube  to  lead  off  the 
hydrogen  chloride  produced  during  the  action. 

The  pentachloride  rapidly  attacks  the  oil,  and  a  vigorous  reaction 
takes  place  with  considerable  rise  of  temperature  and  evolution  of 
much  hydrogen  chloride  ;  after  about  an  hour,  and  as  soon  as  the 
pentachloride  has  entirely  disappeared,  the  reaction  is  completed  by 
heating  for  15  minutes  on  the  water  bath. 

The  product  is  now  carefully  poured  into  ice  cold  alcohol,  the  alco- 
holic solution,  after  some  time,  is  mixed  with  water,  the  oily  deposit 
extracted  with  ether,  and  the  ethereal  solution  well  washed  with  water 
and  dilute  sodium  carbonate.  After  drying  over  calcium  chloride  and 
distilling  off  the  ether,  crude  ethylic  trimethylchloroglutarate  is  ob- 
tained as  a  slightly  yellowish  oil,  which  is  somewhat  unstable,  as  on 
distilling  it  under  the  ordinary  pressure,  hydrogen  chloride  is  eliminated 
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with  production  of  ethylic  trimethylglutaconate  :  under  diminished 
pressure  (20  mm.),  however,  it  passes  over  unchanged  at  139°  as  a 
colourless  oil.  On  analysis,  it  yielded  the  following  numbers. 


0-2010  gave  0-1935  AgCl.     Cl  =  13-39. 

C12H21C104  requires  01  =  13-42 


per  cent. 


The  action  of  phosphorus  pentachloride  on  ethylic  trimethylhydroxy- 
glutarate  has  been  carried  out  in  a  variety  of  ways  and  under  various 
conditions,  but  only  on  rare  occasions  has  the  product  been  found  to 
contain  the  theoretical  amount  of  chlorine  as  in  the  case  given  above. 

Frequently  the  oil  has  contained  only  7 — 8  per  cent,  of  chlorine, 
whilst  on  one  occasion  it  was  almost  free  from  halogen,  and  was  found 
on  examination  to  consist  of  almost  pure  ethylic  trimethylglutaconate. 
This  unpleasant  behaviour,  which  very  much  retarded  the  progress  of 
this  research,  may  be  explained  by  the  unsuspected  presence  of  large 
quantities  of  ethylic  trimethylglutaconate  in  some  of  the  samples  of 
crude  ethylic  trimethylhydroxyglutarate  used,  and  also  by  the  elimina- 
tion of  hydrogen  chloride  from  the  product  of  the  reaction  during 
distillation,  this  being  due  possibly  to  the  presence  of  moisture  and 
other  impurities. 

The  elimination  of  hydrogen  chloride  from  ethylic  trimethylchloro- 
glutarate  undoubtedly  takes  place  very  readily ;  it  was  found,  for  ex- 
ample, impossible  to  reduce  it  even  when  ice-cold  alcoholic  hydrogen 
chloride  and  zinc  dust  were  employed  as  the  reducing  agent;  the 
temperature  was  never  allowed  to  rise  above  0°,  but  notwithstanding 
these  precautions  the  product  consisted  entirely  of  ethylic  trimethyl- 
glutaconate. 

Ethylic  aaj3-Trimethyl-/3-bromoglutarate, 
COOC2H5-  C(CH3)2-  CBr(CH3)-CH2-COOC:,  HB. 

This  is  prepared  in  a  precisely  similar  manner  to  the  chloro-derivative 
just  described,  namely,  by  the  gradual  addition  of  phosphorus  penta- 
bromide  (52  grams)  to  ethylic  trimethylhydroxyglutarate  (25  grams), 
and  subsequently  heating  the  product  for  a  short  time  on  the  water 
bath.  It  was  isolated,  exactly  as  in  the  case  of  the  chlorinated 
compound,  as  a  yellowish  oil  (28  grams)  which  distilled  with  slight 
decomposition  at  about  145°  (18  mm.). 

0-2542  gave  0-138  AgBr.     Br  =  23'12. 

C12H21Br04  requires  Br  =  25'23  per  cent. 

The  percentage  of  bromine  in  the  various  samples  of  this  brom- 
ethereal  salt  which  were  prepared  during  the  course  of  this  research 
varied  considerably,  although  not  nearly  to  the  same  extent  as  in  the 
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case  of  the  corresponding  chlorinated  ethereal  salt ;  it  appears,  there- 
fore, that  the  former  is  more  stable  than  the  latter,  and  this  was  borne 
out  by  subsequent  experiments  with  these  compounds. 


a.a.p-Trimethylglutaconic  A  cid, 
COOH-  C(CH3)2-  C(CH3):CH-  COOH. 

During  the  course  of  this  investigation,  this  acid  has  been  prepared 
by  a  variety  of  methods,  of  which  the  following  may  be  described. 

I.  By  the  Hydrolysis  of  Ethylio  Trimethylhydroxyglutarate. — It  has 
already  been  mentioned  (p.  1180)  that  this  ethereal  salt,  when  treated 
with  alkalis,  does  not  yield  the  corresponding  acid,  but  is  split  up  into 
acetic  and  isobutyric  acids ;  if,  however,  the  hydrolysis  is  carried  out 
by  boiling  with  concentrated  hydrochloric  acid  until  the  oily  ethereal 
salt  has  disappeared,  the   solution  on  cooling  deposits  crystals  of  tri- 
methylglutaconic  acid. 

After  recrystallisation  from  water,  this  acid  was  readily  obtained 
pure,  melting  at  148°. 

0-1663  gave  0-3378  C02  and  0-1061  H20.    0  =  55-31  ;  H  =  7-08. 
08H1204  requires  C  =  55-80 ;  H  =  6 -9 7  per  cent. 

II.  By  the   Action   of   Diethylaniline    on    Ethylic    Trimethylbromo- 
glutarale. — In  this  experiment,  the  brominated  ethereal  salt  (23  grams) 
mixed  with  diethylaniline  (50  grams)  was  heated  to  gentle  ebullition 
in  a  reflux  apparatus  for  about  an  hour.     The  dark  coloured  product, 
when  cold,  was  mixed  with  excess  of  dilute  hydrochloric  acid,  extracted 
three  times  with  ether,   and  the  ethereal  solution,   after  being  well 
washed   with    dilute  acid,    was  dried  over  potassium  carbonate    and 
evaporated  ;  the  oily  residue,  on  being    submitted  to  two   fractiona- 
tions  under  reduced  pressure,  passed  over  almost  entirely  at  160 — 165° 
(30  mm.),  and  consisted  of  nearly  pure  ethylic  trimethylglutaconate 
as  the  following  analysis  shows. 

0-1390  gave  0-3210  C02  and  0-1140  H20.     0  =  62-98;  H  =  9vll. 
C12H2004  requires  0  =  63-16  ;  H  =  S'77  per  cent. 

The  results  of  the  hydrolysis  of  this  ethereal  salt  with  alcoholic 
potash  were  not  very  satisfactory,  the  acid  obtained  being  contaminated 
with  some  sticky  substance  which  rendered  it  difficult  to  purify.  It  is 
far  better  to  boil  it  with  hydrochloric  acid  until  the  oily  drops  have 
disappeared ;  on  cooling,  crystals  of  trimethylglutaconic  acid  separate 
and  can  be  readily  purified  by  a  single  crystallisation  from  water. 

0-1 110  gave  0-2279  C02  and  0-0710  H20.     0  =  55 -95;  H  =  7'10. 
C8H1207  requires  C  =  55 -80    H  =  6-97  per  cent. 
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Alcoholic  potash  appears  to  act  on  ethylic  trimethylchloro-  or  bromo- 
glutarate  in  somewhat  the  same  way  as  diethylaniline,  since  in  both  cases 
considerable  quantities  of  trimethylglutaconic  acid  are  formed. 

III.  By  the,  Action  of  Zinc  Dust  on  Ethylic  Trimethylchloroglutarate. 
—This  method,  which  is  a  rather  curious  one  to  employ  in  obtaining  an 
unsaturated  acid,  gives  such  a  good  yield  of  trimethylglutaconic  acid 
that  it  was  usually'  employed  in  preparing  this  substance. 

Ethylic  trimethylchloroglutarate  (25  grams)  dissolved  in  absolute 
alcohol  (100  grams)  was  saturated  with  hydrogen  chloride,  and  about 
20  grams  of  zinc  dust  was  then  gradually  added  to  the  well  cooled 
solution ;  when  all  had  dissolved,  the  product  was  poured  into  water 
and  extracted  three  times  with  ether.  The  ethereal  solution,  after  being 
thoroughly  washed  with  water  and  with  dilute  sodium  carbonate,  was 
dried  over  anhydrous  potassium  carbonate,  evaporated,  and  the  residual 
almost  colourless  oil  purified  by  distillation  under  reduced  pressure 
(30  mm.) ;  almost  the  whole  passed  over  between  160°  and  165°,  the 
distillate  consisting  of  nearly  pure  ethylic  trimethylglutaconate  con- 
taining evidently,  at  the  most,  only  a  trace  of  ethylic  trimethyl- 
glutarate. 

02204  gave  0-5113  C02  and  0*1733  H2O.     0  =  63*27;  H  =  8'74. 
C12H20O4  requires  0  =  63'15 ;  H  =  8'77  per  cent. 

On  hydrolysing  this  ethereal  salt  with  hydrochloric  acid  as  before,  the 
oily  drops  disappeared  after  12  hours'  boiling,  and  on  cooling  a  large 
quantity  of  a  crystalline  acid  slowly  separated.  This,  after  being 
collected  and  recrystallised  from  water,  was  analysed  and  found  to  be 
trimethylglutaconic  acid. 

0-1510  gave  0-3074  C02  and  0-0948  H20.     0  =  55-59  ;  H  =  6-97. 
C8H1204  requires  C  =  55'80 ;  H  =  6  97  per  cent. 

Trimethylglutaconic  acid  is  sparingly  soluble  in  cold  water,  but 
dissolves  readily  in  boiling  water,  and  separates  on  cooling  in  well- 
defined,  lustrous  plates  which  melt  at  148°.  It  is  remarkable  that 
its  solution  in  sodium  carbonate  does  not  decolorise  permanganate  except 
on  long  standing ;  bromine  also  acts  only  very  slowly  on  the  acid,  with 
ultimate  formation  o£  trimethyldibromoglutaconic  acid, 

COOH-  C(CH3)2-  C(CH3)Br-CHBr-COOH. 
(see  next  section). 

Salts  of  Trimethylglutaconic  Acid.  The  silver  salt,  CsH10Ag2O4. — This 
is  obtained  as  a,  white  precipitate  on  adding  silver  nitrate  to  a  slightly 
alkaline  solution  of  the  ammonium  salt. 

0-2170,  on  ignition,  gave  0'1211  Ag.     Ag  =  55-85. 

C8H10Ag204  requires  Ag  =  55'87  per  cent. 
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The  most  characteristic  salt  of  this  acid  is  the  copper  salt  which 
separates  from  the  neutral  solution  of  the  ammonium  salt  on  the  ad- 
dition of  copper  acetate,  as  a  bright  blue,  "crystalline  precipitate  which 
is  sparingly  soluble  in  water.  This  salt,  which  is  useful  in  separating 
trimethylglutaconic  acid  from  other  acids,  yields  the  acid  in  a  beauti- 
fully pure  condition  when  decomposed  with  sulphuretted  hydrogen. 

Trimethylglutaconic  acid  dissolves  in  acetyl  chloride,  but  without 
formation  of  an  anhydride,  the  solution,  even  after  boiling  for  some 
time,  depositing  the  unchanged  acid  on  evaporation.  On  the  other 
hand,  prolonged  boiling  with  acetic  anhydride  gives  rise  to  the  forma- 
tion of  an  oil  boiling  at  about  160 — 170°  (30  mm.) ;  this  is  at  present- 
under  examination 

aa/3- Trimethyl-a^-dibromoglutaric  A cid. 
COOH-  C(CH3)2-C(CH3)Br  •  CHBr  •  COOH. 

Bromine  acts  only  very  slowly  on  trimethylglutaconic  acid  dissolved 
in  chloroform,  but  on  long  standing  it  is  gradually  absorbed  with  forma- 
tion of  the  dibromo-acid  above  mentioned.  In  preparing  it,  excess  of 
bromine  was  added  to  a  solution  of  the  unsaturated  acid  in  chloro- 
form and  the  mixture  left  for  some  weeks,  during  which  time  a  quantity 
of  crystals  of  the  dibromo-compound  had  separated.  The  colourless 
crystals  were  washed  with  chloroform  and  analysed. 

0-2901  gave  0'2433  AgBr.     Br  =  48-10. 

C8H1204Br2  requires  Br  =  48-19  per  cent. 

Trimethyldibromoglutaric  acid  melts  and  decomposes  at  about  169°  ; 
it  is  readily  soluble  in  ether,  alcohol,  acetone,  and  ethylic  acetate,  less 
so  in  carbon  bisulphide  and  chloroform,  and  almost  insoluble  in  benzene 
and  light  petroleum.  It  is  readily  decomposed  by  boiling  with  aqueous 
silver  nitrate  solution,  with  separation  of  silver  bromide. 

iso-Trimethylglutaconic  A nhydride. 

It  has  already  been  stated  that  trimethylglutaconic  acid  is  only  re- 
duced with  great  difficulty,  and  in  investigating  this  subject,  we  on  one 
or  two  occasions  experimented  on  the  action  of  sodium  and  boiling 
amylic  alcohol  on  the  acid,  and  with  very  remarkable  results.  The 
pure  unsaturated  acid  (5  grams)  was  dissolved  in  amylic  alcohol 
(600  c.c.),  the  solution  heated  to  boiling,  and  then  sodium  (10  grams) 
added  as  rapidly  as  possible.  When  all  the  sodium  had  dissolved,  the 
product  was  mixed  with  water,  the  amylic  alcohol  separated,  and  the 
aqueous  solution  boiled  until  the  odour  of  amylic  alcohol  was  no  longer 
perceptible.  The  concentrated  solution  of  the  sodium  salt  was  then 
acidified  and  extracted  with  ether,  when  a  substance  melting  at 
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145 — 149°  was  obtained,  which  consisted  chiefly  of  the  unchanged  acid. 
However,  in  subsequent  experiments  where  the  above  process  of  reduc- 
tion was  repeated  five  times  with  the  same  substance,  a  product  was 
isolated  from  the  sodium  salt  which  melted  at  94 — 97°,  and  on  re- 
crystallisation  from  water  at  107°.  The  analysis  gave  the  following 
results. 

0-1081  gave  0-2470  CO2  and  0-0660  H20.     0  =  62-31  ;  H  =  6-79. 

0-1201     „     0-2734  CO2    „    0-0738  H2O.     0  =  62*13  ;  H  =  6-83. 

C8H10O3  requires  0  =  62-33  ;  H  =  6-50  per  cent. 

This  substance,  which  is  an  anhydride,  and  which  we  propose  to 
name  iso-trimethylglutaconic  anhydride,  crystallises  from  water  un- 
changed ;  it  is  insoluble  in  dilute  solution  of  sodium  carbonate,  but 
dissolves  slowly  on  boiling,  and  on  carefully  acidifying  the  cold  solution, 
it  deposits  needles  of  the  corresponding  acid  (see  next  section).  The 
anhydride  crystallises  from  acetic  anhydride  unchanged,  nd  sepa- 
rates from  a  mixture  of  benzene  and  light  petroleum  in  magnificent, 
glistening  plates.  iso-Trimethylglutaconic  anhydride  was  subsequently 
obtained  in  considerable  quantity  in  an  experiment  instituted  with  the 
object  of  preparing  ethylic  trimethylbromoglutarate  (p.  1181),  but  in 
which  by  accident  the  wrong  proportions  of  the  materials  were  used. 
Ethylic  trimethylhydroxyglutarate  (50  grams)  was  mixed  with  phos 
phorus  pentabromide  (40  grams),  and  the  mixture  heated  for  6  hours 
on  the  water  bath  ;  the  product,  when  cold,  was  poured  into  alcohol, 
without  allowing  the  temperature  to  rise  above  30°,  water  was  then 
added,  and  the  oily  precipitate  extracted  with  ether.  After  washing 
the  ethereal  solution  well  with  water  and  dilute  sodium  carbonate 
solution,  and  evaporating  the  ether,  a  brownish,  oily  residue  was  left, 
the  greater  part  of  which  distilled  between  175°  and  185°  (35  mm.). 
The  distillate,  after  being  left  in  an  ice  chest  for  a  few  days,  deposited  a 
large  quantity  of  crystals  ;  these  were  collected  with  the  aid  of  the 
pump  and  crystallised  from  benzene  and  light  petroleum.  The  product 
consisted  of  pure  iso-trimethylglutaconic  anhydride  melting  at  107°. 

0-1356  gave  0-3088  CO2  and  0-0822  H2O.     0  =  62-11  ;  H  =  6'73. 
0-1394     „     0-3197  CO2    „    0-0846  H20.     0  =  62-60  ;  H  =  6-73. 
08H1003  requires  0  =  62-33;  H  =  6'50  per  cent. 

The  oily  filtrate  from  these  crystals,  on  distillation,  boiled  at 
158 — 165°  under  a  pressure  of  25  mm.  ;  it  contained  large  quantities 
of  bromine,  and  apparently  consisted  of  ethylic  trimethylbromogluta- 
rate, 
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iso-Trimethylglutaconanilic  Acid,  C^H^NOg  = 

In  order  to  prepare  this  substance,  the  pure  anhydride  was  dissolved 
in  benzene  and  the  solution  mixed  with  aniline  ;  very  little  rise  of 
temperature  took  place,  but  on  standing  for  a  few  days  crystals 
gradually  separated.  These,  when  collected  and  recrystallised  from 
warm  dilute  methylic  alcohol,  formed  colourless  needles. 

0-1627  gave  8*2  c.c.  nitrogen  at  14°  and  758  mm.     N  =  5-91. 
C^Hj^NOg  requires  1ST  =  5-67  per  cent. 

Trimethylglutaconanilic  acid  melts  at  about  138°  with  rapid  decom- 
position and  formation  of  the  corresponding  anil. 

iso-Trimethylglutaconanil,  C14H15N02  =  00I 

This  is  readily  obtained  by  heating  the  anilic  acid  to  boiling  for  a 
few  minutes  and  recrystallising  the  residue  from  dilute  methylic  alcohol, 
when  it  separates  in  long,  colourless  needles  melting  at  148°. 

0-1418  gave  7-2  c.c.  nitrogen  at  15°  and  760  mm.     N  =  5'96. 
C]4H15NO2  requires  N  =  6'll  per  cent. 

iso-Trimethylglutaconic  Acid. 

This  acid  could  not  be  prepared  by  the  action  of  water  on  the 
anhydride,  as  the  latter  is  not  acted  on  by  water  in  the  cold,  and  on 
boiling,  although  the  anhydride  dissolves,  it  separates  again  on  cooling 
unchanged.  If,  however,  the  anhydride  be  boiled  with  excess  of  aqueous 
potash,  and  the  solution  after  cooling  to  0°  be  acidified  with  dilute 
hydrochloric  acid,  the  acid  will  gradually  separate  as  a  woolly  mass  of 
very  fine  needles,  which,  after  collecting  by  means  of  the  pump,  wash- 
ing with  ice-cold  water,  and  drying  on  porous  porcelain  at  the  ordinary 
temperature,  gave  the  following  results  on  analysis. 

0-1372  gave  0-2830  CO2  and  0-0916  H2O.     0  =  56-25;  H  =  7'42. 
0-1522    „     0-3117  C02',,    0-0996  H20.     0  =  55-90  ;  H  =  7-28. 
C8H12O4  requires  0  =  55*81  ;  H  =  7'00  per  cent. 

iso-Trimethylglutaconic  acid  if  rapidly  heated  melts  at  about  133°, 
with  evolution  of  aqueous  vapour  and  formation  of  the  anhydride.  It  is 
readily  soluble  in  alcohol,  ether,  or  warm  water,  moderately  so  in  cold 
water,  and  although  it  is  possible  to  recrystallise  the  acid  from  water, 
the  aqueous  solution  must  not  be  boiled,  otherwise  the  anhydride 
crystallises  out  on  cooling. 
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Salts  oj  iso-Trimethylglutaconic  Acid. — The  silver  salt,  C8H10Ag2O4, 
separates,  on  the  addition  of  silver  nitrate  to  the  neutral  solution  of 
the  ammonium  salt,  as  a  white,  amorphous  precipitate  which,  after 
washing  well,  and  drying  first  on  a  porous  plate  and  then  at  100°,  gave 
the  following  results  on  analysis. 

0-2539  gave,  on  ignition,  0-1424  Ag.     Ag  =  56'08. 

C8H10Ag204  requires  Ag  =  55-87  per  cent. 

The  neutral  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  reagents. 

Barium  chloride  gives  at  first  no  precipitate,  but  after  a  few  minutes 
a  beautifully  crystalline  barium  salt  separates  in  four-sided  plates  which 
are  very  sparingly  soluble  even  in  boiling  water. 

Calcium  chloride  gives  at  once  a  microcrystalline  precipitate  which 
is  very  sparingly  soluble  in  boiling  water. 

Copper  acetate  gives  no  immediate  precipitate  even  on  boiling,  but  the 
solution,  if  left,  gradually  deposits  a  beautifully  crystalline,  copper  salt ; 
the  crystals  under  the  microscope  are  deep  blue,  but  not  well  defined. 

aa/3-Trimetkylglutaric  Acid,  COOH-0(CH3)2-CH(CH3)-CH2-COOH. 

On  account  of  the  interest  attaching  to  the  isolation  and  identifica- 
tion of  this  acid,  which  has  already  been  noticed  in  the  introduction  to 
this  paper,  we  made  numerous  experiments  with  the  object  of  prepar- 
ing it  from  ethylic  trimethylhydroxyglutarate,  but  in  performing  this 
apparently  simple  experiment  we  met  with  quite  unexpected  difficulties. 
We,  in  the  first  place,  endeavoured  to  reduce  the  hydroxy-ethereal  salt 
directly  by  heating  it  with  fuming  hydriodic  acid,  and  as  this  failed,  we 
next  tried  the  action  of  various  reducing  agents  on  ethylic  trimethyl- 
chloroglutarate  and  on  the  corresponding  bromo-derivative,  but  in  all 
cases  we  obtained  either  trimethylglutaconic  acid  or  uninviting  oily 
products.  The  results  of  these  experiments  seemed  to  point  to  the 
reduction  of  trimethylglutaconic  acid  as  the  only  way  of  preparing  tri- 
methylglutaric  acid,  but  it  was  a  long  time  before  a  suitable  reagent 
could  be  found  for  this  purpose. 

Sodium  amalgam  has  no  action  on  the  unsaturated  trimethylgluta 
conic  acid,  even  when  the  acid  is  boiled  with  a  large  excess  of  the 
amalgam,  and  heating  with  hydriodic  acid  converted  the  acid  into 
dark  coloured,  oily  substances  which  could  not  be  purified.  Sodium 
and  boiling  amylic  alcohol  gave  rise  to  a  very  remarkable  result,  iso- 
trimethylglutaconic  anhydride  being  produced,  as  explained  on  p.  1184U 

The  right  reducing  agent  was,  however,  at  length  found  in  sodium 
and  boiling  ethylic  alcohol,  and  the  method  which  we  adopted  for 
preparing  trimethylglutaric  acid  was  the  following. 
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Five  grams  of  trimethylglutaconic  acid  was  dissolved  in  200  c.c.  of 
absolute  alcohol  and  the  solution  boiled  in  a  reflux  apparatus  on  a 
sand  bath ;  20  grams  of  sodium  was  then  added  through  the  condenser 
tube  as  rapidly  as  possible.  When  all  the  sodium  had  disappeared,  the 
product  was  dissolved  in  water,  evaporated  until  free  from  alcohol, 
acidi6ed,  and  the  acid  extracted  several  times  with  ether.  The 
ethereal  solution  was  then  evaporated,  and  the  residue  reduced  again 
exactly  as  before.  After  the  whole  process  had  been  repeated  five  times, 
the  acid  was  extracted  with  ether,  when,  on  evaporating  the  solvent,  the 
residue  solidified  almost  completely.  The  crystalline  mass  thus 
obtained  melted  at  80 — 95°,  and  it  was  found  necessary  to  recrystal- 
lise  it  a  great  many  times  from  water  before  the  melting  point  rose  to 
112°,  which  appears  to  be  the  correct  melting  point  of  aa/2-trimethyl- 
glutaric  acid. 

0-1280  gave  0-2584  CO2  and  0-0938  H2O.     C  =  55*08;  H  =  8-14. 
C8H1404  requires  C  =  55-17  ;  H  =  8 -05  per  cent. 

aa/3-Trimethylglutaric  acid,  is  very  readily  soluble  in  water  and 
most  organic  solvents,  but^separates  readily  from  its  aqueous  solution 
on  saturating  it  with  hydrogen  chloride. 

Salts  of  Trimethylglutaric  Acid. — The  silver  salt,  C8H12Ag2O4,  was 
obtained  in  the  usual  manner  as  a  white,  sparingly  soluble  precipitate, 
and  on  analysis,  the  details  of  which  have  unfortunately  been  lost, 
gave  the  correct  results. 

A  neutral  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  reagents. 

Lead  acetate  produces  no  precipitate  in  the  cold,  but,  on  boiling,  a 
characteristic,  heavy,  white  precipitate  separates. 

Mercuric  chloride  gives  no  precipitate  with  cold  moderate  dilute 
solutions,  but,  on  warming,  a  heavy,  yellowish-white,  insoluble  salt 
separates. 

Mercurous  nitrate  gives,  at  once,  a  heavy  white  precipitate,  which 
dissolves  on  warming,  and  separates  again  as  the  solution  cools. 

Anhydride  of  aa(3-Trimethylglutaric  Acid,  CH3*  CH<Ccjj(CH  )  • 

This  anhydride  was  prepared  by  heating  the  acid  to  boiling  for  some 
time  and  then  distilling  the  product.  The  distillate  was  dissolved  in 
ether,  the  ethereal  solution  rapidly  shaken  with  sodium  carbonate 
solution,  dried  over  calcium  chloride  and  evaporated,  when  the  residue, 
kept  overnight  in  an  ice-chest,  solidified  completely ;  this  anhydride, 
purified  by  recrystallisation  from  light  petroleum,  was  obtained  in  fine, 
colourless  prisms  j  it  melts  at  39°,  and  dissolves  in  boiling  water  with 
re-formation  of  trimethylglutaric  acid. 
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0-2107  gave  0-4774  C02  and  0-1443  H20.  0  =  61-78  ;  H  =  7'61. 
C8H12O3  requires  C  =  6  1  '53  ;  H  =  7'62  per  cent. 


»aap-Trimethylglutaranilic  A cid. 
C14H19N03  =  C6H5-NH-  CO-C(CH3)2-  CH(CH3)-CH2-  COOH  (?). 
On  adding  aniline  to  a  solution  of  trimethylglutaric  anhydride  in 
pure  benzene,  a  crystalline  precipitate  of  the  anilic  acid  is  at  once 
produced.     This,  after  being  washed  with  a  little  benzene  and  purified 
by  recrystallisation   from   dilute  alcohol,    was    obtained   in    lustrous 
plates  melting  at  155°. 

0-2060  gave  10  c.c.  N2  at  18°  and  773  mm.     N  -  5-70. 
C14H19NO3  requires  N  =  5-63  per  cent. 

Trirnethylglutaranilic  acid  is  readily  soluble  in  most  organic  solvents, 
and  its  general  behaviour  corresponds  closely  with  that  of  other  known 
anilic  acids  of  the  glutaric  series.  It  dissolves  in  sodium  carbonate 
solution,  but  when  heated,  it  does  not  readily  yield  the  corresponding 
anil,  in  fact,  small  quantities  of  the  anilic  acid,  if  rapidly  heated, 
distil  almost  without  decomposition.  On  hydrolysis,  the  anilic  acid  is 
decomposed  with  some  difficulty  into  aniline  and  trimethylglutaric  acid. 

Ethylic  aa/3-Trimetkyl-j3-cyanoglutarate, 
COOC2H5-C(CH3)2-C(CN)(CH3)-CH2-OOOC2H5. 

The  preparation  of  this  substance  and  its  subsequent  conversion 
into  •i-camphoronic  acid  were  found  to  be  problems  of  such  experimental 
difficulty  as  to  necessitate  more  than  a  year's  work  before  the  desired 
result  could  be  accomplished. 

In  the  first  series  of  experiments,  ethylic  trimethyl^/3-chloroglutarate 
(p.  1180)  was  treated  with  pure  potassium  cyanide,  with  or  without 
alcohol  and  other  solvents,  at  temperatures  up  to  100°,  but  even  when 
the  constituents  had  been  heated  together  for  12  hours  at  that  tem- 
perature the  product  was  found  to  contain  only  traces  of  nitrogen. 

A  similar  result  was  obtained  when  the  corresponding  bromo-deriva- 
tive  was  substituted  for  the  chlorinated  compound  in  the  same  series 
of  experiments,  and  a  variety  of  experiments  in  which  very  carefully 
purified,  neutral,  double  cyanides,  such  as  KCN,AgCN;  2KCN,Zn(CN)2; 
2KCN,Hg(CN)2,  were  used  instead  of  the  slightly  alkaline  potassium 
cyanide,  also  gave  negative  results. 

Ultimately,  however,  the  desired  cyanide  was  obtained  in  the 
following  comparatively  simple  manner. 

Ethylic-aa/j-trimethyl-/?-chloroglutarate  (22  grams)  was  heated  in  a 
sealed  tube  with  pure  potassium  cyanide  (10  grams)  and  a  little  alcohol 
for  6  hours  at  150 — 160°.  The  dark-coloured  product  was  mixed  with 
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water,  extracted  with  ether,  and  the  ethereal  solution,  after  separation 
from  a  considerable  quantity  of  dark  brown  insoluble  matter,  was  dried 
over  calcium  chloride,  filtered,  and  the  ether  distilled  off.  In  this  way,  a 
brown  oil  was  obtained  which  distilled  for  the  most  part  at  170 — 180° 
(30  mm.),  and  gave  the  following  result  on  analysis. 

0'1850  gave  6'3  c.c.  nitrogen  at  15°  and  760  mm.     N  =  4'02. 
C13H21N04  requires  N  =  5'48  per  cent. 

This  oil  contained,  therefore,  about  73  per  cent,  of  ethylic  cyano- 
trimethylglutarate,  but  the  percentage  of  nitrogen  was  found  to  vary 
very  considerably  in  different  preparations.  This  is,  of  course,  due,  in 
the  first  place,  to  the  fact,  already  noticed  on  p.  1181,  that  the  ethylic 
trimethylchloroglutarate  employed  always  contains  some,  and  often  a 
considerable  quantity  of,  ethylic  trimethylglutaconate  ;  it  is  also  due,  in 
a  less  degree,  to  the  fact  that,  during  the  heating  with  potassium 
cyanide,  a  certain  amount  of  the  chlorinated  ethereal  salt  appears  to  be 
converted  into  ethylic  trimethylglutaconate  by  elimination  of  hydrogen 
chloride.  Unfortunately,  the  boiling  points  of  the  cyano-compound, 
and  of  the  ethylic  trimethylglutaconate  lie  so  close  together,  that 
separation  cannot  be  effected  by  fractional  distillation ;  but  the  presence 
of  the  unsaturated  ethereal  salt  is  of  no  great  importance  in  the 
synthesis  for  which  the  cyano-compound  was  employed. 

Synthesis  of   i-Campkoronic  Acid  (aa/?-Trimethyltricarballylic  Acid), 
COOH-  0(CH3)2-  C(CH3)(COOH)-CH2-  COOH. 

When  the  mixture  of  ethylic  trimethylcyanoglutarate  and  ethylic- 
trimethylglutaconate,  obtained  as  described  in  the  previous  section,  is 
digested  in  a  reflux  apparatus  with  concentrated  hydrochloric  acid,  it  is 
gradually  hydrolysed,  and  after  about  16  hours  the  oily  layer  disappears 
almost  entirely.  If  now  the  liquid  be  allowed  to  stand  in  an  ice  chest 
for  24  hours,  practically  the  whole  of  the  trimethylglutaconic  acid 
present  crystallises  out,  which  is  fortunate,  since  the  presence  of  this 
acid  greatly  interferes  with  the  isolation  of  the  camphoronic  acid. 
The  filtrate  from  these  crystals,  which  contains  the  camphoronic  acid, 
is  made  distinctly  alkaline  with  ammonia,  cooled,  mixed  with  an  excess 
of  a  strong  solution  of  barium  chloride,  and  filtered  from  any  slight 
precipitate  which  may  have  formed.  If,  now,  the  filtrate  be  heated  on 
a  water  bath  and  subsequently  to  boiling,  the  whole  of  the  camphoronic 
acid  is  precipitated  in  the  form  of  an  exceedingly  sparingly  soluble 
barium  salt.  This  salt  is  collected  by  means  of  the  pump,  well  washed, 
and  decomposed  with  the  calculated  quantity  of  dilute  sulphuric  acid  ; 
the  filtrate  from  the  barium  sulphate,  if  concentrated  and  allowed  to 
stand  in  an  ice-chest,  deposits  beautiful,  colourless,  transparent  prisms 
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melting  at  about  158 — 160°;  after  recrystallisation,  however,  the 
melting  point  rose  to  about  168°,*  decomposition  occurring  at  the 
same  time.  The  results  of  the  analysis  agree  with  those  required  by 
camphoronic  acid. 

0-1258  gave  0-2276  C02  and  0-0746  H20.     0  =  49-34;  H  =  6'58. 
0-1294     „     0-2348  C02    „    0-0766  H2O.     0  =  49-38  ;  H  =  6-57. 
C9HUO6  requires  C  =  49 -50 ;  H  =  6-40  per  cent. 

This  acid  is  much  less  soluble  in  water  than  ordinary  d-camphoronic 
acid,  and  crystallises  in  much  more  definite  crystals;  it  was  further 
characterised  by  converting  it  into  the  following  derivatives,  which 
were  carefully  compared  with  the  corresponding  derivatives  obtained 
from  a  small  quantity  of  i-camphoronic  acid  which  Dr.  O.  Aschan 
kindly  sent  us,  and  which  had  been  prepared  by  crystallising  together 
equal  quantities  of  the  d-  and  /-acids. 

\-Anhydrocamphoronic  Acid,  C9H1205. — As  the  result  of  experiments 
with  d-camphoronic  acid,  it  was  found  that,  in  cases  like  the  present, 
where  only  very  small  quantities  of  substance  are  available,  the  con- 
version of  camphoronic  acid  into  the  corresponding  anhydro-acid  is  best 
accomplished  as  follows. 

The  finely  powdered  substance  is  boiled,  in  a  reflux  apparatus,  with  a 
large  excess  of  acetyl  chloride  until  it  has  entirely  dissolved,  which  is 
usually  the  case  in  about  half  an  hour,  the  acetyl  chloride  is  then 
evaporated  off  on  the  water  bath,  and  the  residue  allowed  to  remain 
over  solid  potash  in  a  vacuum  desiccator  until  it  has  completely 
solidified.  The  product  is  then  dissolved  in  a  small  quantity  of  boiling 
benzene,  which  had  previously  been  carefully  dried  by  repeated  dis- 
tillation over  sodium,  and  the  solution  allowed  to  stand  overnight. 
The  crystals  of  the  anhydro-acid  which  separate  are  collected,  washed 
with  a  little  benzene,  and  dried  at  100°. 

The  anhydro-acid  obtained  from  synthetical  ^-camphoronic  acid  in 
this  way  began  to  soften  slightly  at  128 — 130°,  and  melted  suddenly 
at  136— 137°.  f 

0-1284  gave  0-2544  C02  and  0-0706  EJ2O.     C  =  54-03  ;  H  =  6-ll. 
C9H12O5  requires  C  =  54'00  ;  H  =  6 '00  per  cent. 

The  anhydro-acid,  prepared  from  Aschan's  i-camphoronic  acid  under 
the  same  conditions,  could  not  be  distinguished  from  the  synthetical 
substance,  and  as  the  former  has  not  previously  been  described,  it  was 
also  analysed. 

*  The  melting  point  of  camphoronic  acid  depends  very  much  on  the  conditions 
observed  during  the  determination ;  this  has  also  been  noticed  by  Aschan. 

t  It  is  not  improbable  that  this  melting  point  may  be  somewhat  too  low,  but  the 
amount  of  substance  at  our  disposal  was  so  small  that  we  could  not  subject  it  to 
further  crystallisation. 
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0-1322  gave  0-2610  C02  and  0-0718  H2O.     0  =  53-84  ;  H  =  6'03. 
C9H1205  requires  C  =  5 4 '00  ;  H  =  6 '00  per  cent. 

i-Camphoronanilic  acid,  C15H19N05.* — This  was  obtained  by  treating 
anhydrocamphoronic  acid  with  aniline,  parallel  experiments  being 
made  both  with  our  synthetical  acid  and  with  Aschan's  acid,  the 
conditions  observed  being  exactly  the  same  in  both  cases.  The 
anhydro-acid  was  dissolved  in  hot  benzene  in  a  test-tube,  the  bulk 
of  the  benzene  was  then  boiled  away,  and  the  cold,  supersaturated 
solution  mixed  with  rather  more  than  the  requisite  quantity  of  aniline. 
The  clear  solution  becomes  warm,  then  suddenly  turbid,  and  deposits 
either  a  mass  of  colourless  crystals  or  an  oil  which  rapidly  solidifies 
on  rubbing  with  a  glass  rod.  The  crystals  were  washed  with  benzene, 
drained  on  a  porous  plate,  and  dried  at  100°,  they  then  melted  at  about 
140°.  This  substance  is  not  very  easy  to  purify  by  recrystallisation, 
but  if  it  is  dissolved  in  a  little  hot  alcohol,  and  the  solution  is  then 
mixed  with  about  three  times  its  bulk  of  benzene,  the  anilic  acid 
gradually  separates  in  colourless  crystals  which  melt  at  about  149° 
with  decomposition. 

The  anilic  acid  prepared  from  synthetical  ^-camphoronic  acid  gave  the 
following  results  on  analysis. 

0-0580  gave  2'44  c.c.  nitrogen  at  16°  and  762  mm.     N  =  4'85. 
C15H19N05  requires  N  =  4'77. 

i-Camphoronanilic  acid,  prepared  from  Aschan's  2-camphoronic  acid, 
had  the  same  melting  point  and  properties  as  the  synthetical  substance. 

0-1022  gave  4 '4  c.c.  nitrogen  at  20°  0.  and  754  mm.     N  =  4'88. 
C]5H19N05  requires  N  =  4'77  per  cent. 

Condensation  of  Ethylic  Acetoacetate  with  Ethylic  a-Bromisobutyrate 
in  presence  of  Zinc.  Second  Synthesis  of  Ethylic  aafi-Trimethylhydroxy-  • 
glutarate,  COOC2H5-C(CH3)2-C(OH)(CH3)-CH2-COOC2H5. 

As  already  stated  in  the  introduction,  this  condensation  was  investi- 
gated in  order  to  prove  the  constitution  of  the  ethylic  trimethyl- 
hydroxyglutarate  used  in  this  research.  The  experiment  was  carried 
out  in  a  manner  precisely  similar  to  that  with  ethylic  dimethylaceto- 

*  d-Camphoronanilic  acid. — In  order  to  determine  the  conditions  for  preparing  the 
anilic  acid  from  *'-camphoronic  acid,  experiments  were,  in  the  first  place,  made  with 
the  d-acid,  and  by  using  the  above  method  considerable  quantities  of  d-camphoron- 
anilic  acid  were  prepared.  This  compound,  which  has  not  been  previously  described, 
melts,  after  recrystallisation,  at  147 — 148°,  and  closely  resembles  the  z-modification 
n  its  properties. 

OH2  gave  5  c.c.  nitrogen  at  24°  and  754  mm.     N  =  5'00. 
Cj5H19NOs  requires  N  =  477  per  cent, 


l-CAMPHORONIC   ACID.  1193 

acetate  and  ethylic  bromacetate  already  described.  The  bromo-ether 
(84  grams)  was  mixed  with  ethylic  dimethylacetoacetate  (58  grams), 
and  the  zinc  gradually  added  to  the  hot  mixture,  the  same  precautions 
being  observed  as  in  the  previous  case,  great  care  being  taken  to 
prevent  the  temperature  rising  too  high,  as,  unless  this  is  done,  a  most 
violent  action  sets  in  and  the  yield  of  product  is  then  very  small. 
The  product,  treated  exactly  as  described  on  p.  1179,  gave  an  oil  boiling 
at  160—170°  (30  mm.). 

0-1775  gave  0-3828  C02  and  0'1722  H20.     0  =  58-82  •  H  =  8'90. 
C12H22O5  requires  C  =  58'53  ;  H  =  8'94  per  cent. 

As  will  be  shown  below,  this  ethereal  salt  is  identical  with  the  con- 
densation product  obtained  by  the  action  of  zinc  on  a  mixture  of  ethylic 
dimethylacetoacetate  and  ethylic  bromacetate,  and  both  products, 
therefore,  must  consist  of  ethylic  aa/?-trimethyl-^-hydroxyglutarate. 
The  yield  obtained  with  the  bromacetate  is  as  much  as  20 — 25 
per  cent,  of  the  theoretical,  whilst  if  ethylic  bromisobutyrate  is 
employed  the  yield  hardly  ever  rises  above  8 — 10  per  cent,  of  the 
theoretical. 

This  appears  to  be  due  to  the  fact  that  zinc  acts  more  readily  on 
ethylic  bromisobutyrate  than  on  ethylic  bromacetate,  and  when  the 
former  is  employed  large  quantities  of  product  of  low  boiling  point  are 
obtained.  These  oils,  on  refractionation  under  the  ordinary  pressure, 
were  readily  separated  into  two  fractions,  namely,  a  very  large  one, 
110 — 125°,  consisting  of  a  mixture  of  ethylic  isobutyrate  and  ethylic 
methylacrylate,  CH2:C(CH,)-COOC2H5,  and  a  fraction,  170—185°, 
consisting  of  unchanged  ethylic  acetoacetate. 

Experiments  were  now  made  with  the  object  of  proving  that  the 
compound  produced  by  the  condensation  of  ethylic  acetoacetate  and 
ethylic  bromisobutyrate  is  identical  with  that  obtained  by  the  con- 
densation of  ethylic  dimethylacetoacetate  with  ethylic  bromacetate,  and 
in  order  to  do  this  the  same  derivatives  were  prepared  from  the  former 
product  as  have  already  been  described  as  resulting  from  the  latter. 
When  treated  with  phosphorus  pentachloride  or  pentabromide,  the  con- 
densation product  from  ethylic  bromisobutyrate  yielded  halogen  deriva- 
tives identical  in  boiling  point  and  other  properties  with  those  described 
on  pp.  1180  and  1181. 

Both  the  chloro-  and  the  bromo-derivative,  on  treatment  with  zinc 
and  subsequent  hydrolysis  (see  p.  1183),  yielded  trimethylglutaconic 
acid  melting  at  148°.  On  analysis,  this  gave  the  following  result. 

0-2091  gave  0-4265  C02  and  0-1302  H20.     0  =  55-63;  H  =  6-92 
C8H12O4  requires  0  =  55-81 ;  H  =  6'97  per  cent. 

From  this  acid,  on  reduction  with  sodium  and  alcohol,  aa/?-triinethyl- 
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glutaric  acid  (m.  p.  112°)  was  prepared,  and  its  identity  proved  by 
analysis  and  by  converting  it  into  its  anhydride  (m.  p.  39°)  and  into 
its  anilic  acid  (m.  p.  155°). 

These  experiments  prove  conclusively  the  identity  of  the  two  con- 
densation products. 

In  preparing  large  quantities  of  the  condensation  product  from 
ethylic  bromisobutyrate  and  ethylic  acetoacetate,  we  found  it  con- 
venient to  distil  off  the  oil  of  low  boiling  point  formed  during  the  con- 
densation, and  to  reserve  the  residue  until  a  considerable  quantity  had 
accumulated,  before  purifying  it  by  fractionation.  On  standing,  this 
crude  product  deposited  a  small  quantity  of  a  solid  substance  ;  this 
was  collected,  washed  with  ether  to  free  it  from  oil,  and  the  sparingly 
soluble  crystals  were  recrystallised  from  boiling  alcohol.  The  substance 
was  thus  obtained  in  the  form  of  magnificent,  long  needles,  closely 
resembling  asbestos  in  appearance,  but  the  quantity  at  our  disposal 
was  so  small  that  only  one  analysis  could  be  carried  out,  and  this  gave 
us  no  clue  as  to  its  constitution. 

0-1214  gave  0-2768  C02  and  0'0588  H20.     0  =  62-28;  H  =  5'38. 
C10H1004  requires  C  =  61'S5  ;  H  =  5'15  per  cent. 

This  substance  melts  at  169°  and  dissolves  in  soda,  forming  a  bright 
yellow  solution,  the  colour  of  which  disappears  on  boiling ;  on  acidify- 
ing the  colourless  solution  with  hydrochloric  acid,  it  deposits  an  oil. 
It  is  nearly  insoluble  in  ether,  but  dissolves  readily  in  alcohol,  especi- 
ally on  warming,  and  the  solution  gives  an  intense  violet  coloration 
with  ferric  chloride. 
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Decomposition  of  Camphoric  Acid  by  Fusion  with  Potash  or  Soda, 
BY  ARTHUR  WILLIAM  CROSSLEY  and  WILLIAM  HENRY  PERKIN,  JUNE. 

IN  experimenting  on  the  constitution  of  camphoric  acid,  one  of  the 
most  characteristic  properties  which  at  once  presents  itself  is  the 
great  stability  of  the  acid,  a  property  which  makes  it  very  difficult  to 
attack  by  reagents  and  thus  resolve  it  into  smaller  molecules. 

It  occurred  to  us,  at  an  early  stage  in  our  experiments,  that  this 
difficulty  might  possibly  be  got  over  by  the  introduction  of  hydroxy- 
groups,  as  it  seemed  probable  that  a  hydroxycamphoric  acid  would  be 
more  readily  attacked  than  camphoric  acid  itself. 

Some  experiments  which  support  this  view  have  already  been  pub- 
lished by  Rudzinski-Kudno  (Inaugural  Dissertation  Wurzburg,  1879), 
who  succeeded  in  oxidising  hydroxycamphoric  acid  (camphanic  acid) 
by  means  of  potassium  dichromate  and  sulphuric  acid,  the  product 
being  an  acid  to  which  he  assigned  the  composition  C6H10O4,  but 
this,  as  was  afterwards  shown  by  Bredt  (Annalen,  145,  212),  was  in 
reality  camphoronic  acid.  There  can  be  no  doubt  that,  under 
these  conditions,  camphanic  acid  is  much  more  readily  oxidised  than 
camphoric  acid. 

Besides  camphanic  acid  there  has  been  another  hydroxycamphoric 
acid  described,  namely,  the  so-called  a-hydroxycamphoric  acid,  which 
Hlasiwetz  and  Grabowski  (Annalen,  1868,  145,  212)  claim  to  have 
obtained  by  fusing  camphoric  acid  with  potash.  It  seemed  probable 
to  us  that  this  acid,  which  is  described  as  a  thick  syrup,  and  has 
therefore  properties  quite  different  from  those  of  the  beautifully 
crystalline  camphanic  acid,  might  yield  important  clues  to  the  con- 
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stitution  of  camphoric  acid  if  its  behaviour  towards  reagents,  and 
more  especially  to  oxidising  agents,  was  carefully  studied  and  the 
results  compared  with  those  obtained  with  the  isomeric  camphanic 
acid.  We  therefore  decided  to  prepare  and  examine  this  acid,  and 
with  this  object  carefully  repeated  the  experiments  of  Hlasiwetz 
and  Grabowski,  without,  however,  being  able  to  isolate  even  traces  of 
an  acid  of  the  composition  of  a  hydroxycamphoric  acid. 

Hlasiwetz  and  Grabowski  fused  15  grams  of  camphoric  acid  with 
45  grams  of  potash  in  a  silver  dish,  acidified  and  extracted  the  product 
with  ether ;  the  residue,  after  distilling  off  the  ether,  was  then  distilled 
in  steam  to  drive  over  the  volatile  fatty  acids  present.  The  distillate 
(which  we  now  know  to  contain  at  least  10  different  acids),  was 
neutralised  with  ammonia,  and  the  silver  salt  prepared  and  crystallised 
from  water ;  on  analysing  this  silver  salt,  numbers  were  obtained  which 
led  these  chemists  to  the  conclusion  that  the  silver  salt  was  silver 
butyrate  or  a  mixture  of  this  salt  with  silver  isovalerate. 

The  acids  which  were  not  volatile  with  steam  were  dissolved  in 
ammonia,  the  solution  boiled  with  calcium  chloride,  and  the  insoluble 
precipitate,  which  consisted  of  calcium  pimelate,*  removed  by  nitration  ; 
the  filtrate  from  this  salt  was  decomposed  by  dilute  sulphuric  acid, 
filtered  from  calcium  sulphate,  the  filtrate  decolorised  with  animal  char- 
coal, and  extracted  with  ether.  On  distilling  off  the  ether,  a  syrup  was 
left  which  was  dissolved  in  water  and  precipitated  by  lead  acetate ;  the 
caseous  lead  salt  was  then  decomposed  with  hydrogen  sulphide,  and  the 
syrupy  mass  obtained  gave,  on  analysis,  numbers  which,  as  these  authors 
state,  did  not  agree  very  well  together,  but  nevertheless  pointed  to  the 
formula  G10H1605,  that  of  a  hydroxycamphoric  acid.  This  acid  was 
not  altered  by  fusion  with  potash,  but  on  distillation  it  gave  a  small 
quantity  of  camphoric  acid,  and  we  have  no  doubt  that  it  was  a 
mixture  of  several  substances. 

During  the  course  of  numerous  preliminary  experiments  on  the 
fusion  of  camphoric  acid  with  potash,  we  found  that  the  decomposition 
was  much  more  complex  than  Hlasiwetz  and  Grabowski  supposed,  and 
as  there  was  every  prospect  that  the  careful  and  systematic  examina- 
tion of  the  substances  formed  might  give  some  clue  to  the  constitution 
of  camphoric  acid,  we  decided  to  devote  our  attention  to  the  study  of 
this  reaction. 

Our  first  experiments  were  made  with  the  quantities  and  under  the 
conditions  recommended  by  Hlasiwetz  and  Grabowski,  but  subsequently 
we  found  that  the  same  results  were  obtained  whether  we  fused  25,  50, 
or  100  grams  of  camphoric  acid  in  one  operation,  and  after  having 
fused  in  this  way  about  2  kilos,  of  camphoric  acid,  we  devoted  some 

*  The  "pimelic  acid"  referred  to  repeatedly  in  this  research  is  always  isopropyl- 
succinic  acid,  CH(CH8)2-  CH(COOH)'CH2-  COOH, 
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months  to  the  investigation  of  the  products  which  had  been  formed. 
However,  as  the  work  progressed,  and  we  gradually  became  thoroughly 
aware  of  the  complicated  nature  of  the  mixture  of  substances  with 
which  we  had  to  deal,  it  was  at  once  evident  that  the  investigation 
could  not  be  satisfactorily  carried  out  unless  very  large  quantities  of 
material  were  employed. 

But  then  serious  difficulties  presented  themselves,  for  the  ordinary 
laboratory  apparatus  would  not  permit  of  sufficiently  large  quantities 
being  handled  conveniently ;  ultimately,  however,  through  the  great 
kindness  of  Mr.  Ivan  Levinstein,  these  obstacles  were  overcome,  and 
we  were  enabled  to  fuse  as  much  as  500  grams  of  camphoric  acid  in 
one  operation.  Mr.  Levinstein  placed  a  large  room  in  his  works  at 
Crumpsall,  near  Manchester,  at  our  entire  disposal,  and  after  having 
consulted  with  us,  fitted  up  all  the  special  apparatus  which  was 
necessary  for  carrying  out  our  experiments  on  the  large  scale.  We 
to  take  this  opportunity  of  thanking  Mr.  Levinstein  for  his  great 
kindness  and  liberality,  without  which  it  would  have  been  impossible 
to  have  carried  out  this  work,  and  we  also  thank  him  for  the  interest 
which  he  took  in  the  subsequent  progress  of  our  research. 

In  our  preliminary  investigations,  we  had  found  that  when  caustic 
soda  was  used  instead  of  caustic  potash,  the  nature  of  the  products  of 
decomposition  seemed  to  be]in  many  respects  different ;  it  was  therefore 
thought  advisable  to  try  the  fusion  of  camphoric  acid  with  caustic 
soda  on  the  large  scale,  and  the  subsequent  results  show  that  this 
decision  was  thoroughly  warranted. 

I. — The  Substances  Formed  wJien  Camphoric  Acid  is  Fused  with  Potash. 

The  method  adopted  in  carrying  out  the  fusion  is  described  in 
detail  in  the  experimental  part  of  this  paper,  and  we  therefore  propose 
only  to  give  here  a  brief  account  of  the  way  the  melts  were  worked 
up  and  the  nature  of  the  products  obtained. 

The  melts  from  5  kilos,  of  camphoric  acid  were  dissolved  in  water, 
acidified,  and  distilled  with  steam  until  the  condensed  water  had  only 
the  faintest  acid  reaction  ;  the  distillate  was  neutralised,  evaporated 
down  to  a  small  bulk,  .acidified,  and  extracted  with  ether,  when  about 
2-3  kilos,  of  oily  fatty  acids  were  obtained. 

The  residue  in  the  still  was  filtered  from  the  potassium  sulphate 
which  crystallised  out  on  cooling,  neutralised  with  caustic  soda,  and 
evaporated,  when  the  concentrated  liquor,  on  standing,  deposited  a  large 
quantity  of  the  sulphates  of  sodium  and  potassium  mixed  with  a 
considerable  amount  of  organic  salts.  These  crystals  were  collected, 
dissolved  in  water, 'acidified,  and  extracted  with  ether,  and  in  this  way 
510  grams  of  a  pale  yellow  oil  (A)  was  obtained.  From  the  mother 
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liquor  from  the  crystals,  346  grams  of    a   dark   yellow   oil  (B)  was 
subsequently  extracted. 

The  2 '3  kilos,  of  fatty  acids  were  submitted  to  most  careful  fractional 
distillation  in  specially  constructed  apparatus,  and  ultimately  the 
following  acids  were  isolated  and  identified,  not  only  by  the  boiling 
points  and  analysis  of  the  acids  themselves  and  of  their  silver  salts, 
but  also  by  the  preparation  of  their  anilides,  and  in  some  cases  of  their 
paratoluidides. 


Name. 

Formula. 

Boiling  point.* 

Acetic  acid  

CH3-COOH 

118° 

Propionic  acid   

CH8-CH,-COOH 

141 

Isobutyric  acid  

CH(CH3)./COOH 

154 

Isovaleric  acid  
Methylisopropylacetic  acid  

CH(CH3)2-CH3-COOH 
CH(CH3)2-  CH(CH3)-COOH 

174 
190 

In  view  of  the  fact  that  it  is  now  generally  assumed  that  camphoric 
acid  contains  the  group  (CH3).2OC(CH3)-,  it  is  interesting  to  note  the 
repeated  occurrence  of  the  isopropyl  group,  (CH3)2CH-,  in  the  above 
acids,  and  of  the  whole  group,  (CH3)2CH'CH(CH3)-,  in  the  last  acid  in 
the  table. 

The  acids  distilling  above  190°  were  very  difficult  to  work  with,  but 
by  converting  the  portion  boiling  at  206 — 212°  into  the  mixed  anilides, 
and  crystallising  these  from  light  petroleum,  a  very  sparingly  soluble, 
well  characterised  anilide  was  obtained  which  melted  at  105°,  and  on 
analysis  gave  numbers  agreeing  with  the  formula  C6H13'CO'NH*C6H5. 
The  acid  obtained  by  the  hydrolysis  of  this  pure  anilide,  boiled  con- 
stantly at  209—210°,  and  had  the  composition  C6H13-COOH,  but, 
apparently,  it  is  not  identical  with  any  of  the  acids  of  this  formula 
which  have  hitherto  been  investigated.  Without  having  any  definite 
proof  to  offer,  we  think  it  likely  that  this  acid  may  be  fifift-dimethyl- 
ethylpropionic  acid,  CH3-CH2-C(CH3)2-CH2-COOH,  and  we  are  en- 
deavouring to  prepare  this  acid  synthetically  with  the  view  of  deciding 
this  point. 

The  acids  boiling  above  220°  were  submitted  to  systematic,  repeated 
fractional  distillation,  using  small  columns  made  for  us  by  Geissler 
especially  for  this  purpose ;  by  this  means,  we  were  able  to  isolate  two 
acids  which  boiled  remarkably  constantly  at  230— 232°  and  240—242° 
respectively. 

The  acid  boiling  at  230 — 232°,  on  analysis,  gave  numbers  agreeing 

*  The  numbers  given  in  this  column  are  the  true  boiling  points  of  the  acids  ; 
the  fractions  obtained  and  actually  examined  and  analysed  are  given  in  the  experi- 
mental part  of  this  paper. 
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well  with  the  formula  C7H15*COOH,  and  although  it  may  contain 
small  quantities  of  the  homologues  of  lower  and  higher  boiling  point,  we 
think  it  improbable,  and  are  also  disinclined  to  believe  that  it  consists 
of  isomeric  acids  of  the  above  formula.  This  acid,  on  oxidation  with 
permanganate,  yields,  besides  fatty  acids  of  low  boiling  point  (consisting 
apparently  of  acetic  and  propionic  acids),  succinic  acid  and  a-methylglu- 
taric  acid,  CH3'CH(COOH)-CH2-CH2-COOH,  and  we  have  suggested 
the  formula  (CH3)2CH-CH(CH3)-  CH2-CH2-COOH  as  probably 
representing  its  constitution. 

The  acid  boiling  at  240  —  242°  is  a  very  interesting  compound, 
since  on  analysis  it  gives  numbers  agreeing  with  the  formula 
C8H17-COOH,  and  this  is  confirmed  by  the  analysis  of  the  silver 
salt,  C8Hir'COOAg.  Such  an  acid  would  be  derived  from  camphoric 
acid  by  the  elimination  of  carbonic  anhydride,  and  splitting  of  the 
ring  by  the  addition  of  two  hydrogen  atoms. 

C8Hi4(COOH)2  +  H2  =  C8H17-  COOH  +  CO2 

This  acid,  on  oxidation,  yields  an  acid  which,  from  its  properties, 
is  evidently  a-methylglutaric  acid,  and  its  constitution,  therefore,  is 
in  all  probability  represented  by  the  formula 

CH(CH3)2-  CH2-  CH2-  CH2-  CH(CH3)-  COOH  ; 

this  formula  could  easily  be  derived  from  camphoric  acid,  on  the 
assumption  that  it  has  the  constitution  represented  here,*  as 
follows  : 

9H2\ 

XCH-  ICOOJH 
(CH3)2C  +  H2 


CH3-  C-  COOH  CH3-  CH-  COOH 

The  oily  acids  A  and  B  contained,  besides  large  quantities  of 
isopropylsuccinic  acid  (pimelic  acid), 

CH(CH3)2-  CH(COOH)-  CH2(COOH), 

a  very  interesting  dibasic  acid  of  the  composition  C10H1804,  which 
crystallises  well,  melts  at  106°,  and  gives  a  silver  salt  of  the  composi- 
tion C8H16(COOAg)2.  This  acid,  which  must  have  been  formed  by  the 
reduction  of  camphoric  acid  at  the  high  temperature  of  the  melt,  with 
consequent  splitting  of  the  ring 

C10H16°4  +  H2  =  C10H1S°4' 

we  have  named  dihydrocamphoric  acid.  It  differs  in  nearly  all  its  proper- 
ties from  camphoric  acid,  and  has  a  much  higher  dissociation  constant, 

*  This  formula  for  camphoric  acid  is  used  in  this  paper  because,  from  results 
obtained  by  one  of  us  in  the  examination  of  sulphocamphylic  acid,  and  which  are 
shortly  to  be  communicated  to  the  Society,  it  seems  the  most  probable. 
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the  value  found  by  Dr.  Ewan  (K  =  0-00415)  being  nearly  twice  as 
great  as  that  of  camphoric  acid  (K  =  0'0025),  and  almost  identical 
with  that  of  aardimethyladipic  acid, 

COOH-CH(CH3)-CH2-CH2-  CH(CH3)-COOH  (K  =  0'0042). 
When  treated  with  acetic  anhydride,  this  acid  is  converted  into  a 
liquid  which,  from  the  analysis,  appears  to  be  the  anhydride,  and 
this,  when  heated,  is  decomposed  in  a  remarkable  manner  into  car- 
bonic anhydride  and  a  l^etone  of  the  formula  C9H160 


This  new  ketone,  which  we  have  called  dihydrocamphoketone,  is  a 
liquid  which  boils  at  180  —  181°,  and  has  a  most  penetrating  odour  of 
peppermint  ;  it  is  well  characterised  by  forming  a  beautifully  crystal- 
line semicarbazone  which  melts  at  202  —  203°. 

It  is  readily  oxidised  by  boiling  with  dilute  nitric  acid,  with  forma- 
tion of  succinic  acid,  oxalic  acid,  and  an  acid,  C8H14O4,  which  melts  at 
94°,  and  gives  an  anilic  acid  melting  at  159°.  These  properties 
indicate  that  this  acid  is  a/2/3-trimethylglutaric  acid, 

COOH-  CH(CH3)-C(CH3)2-  CH2-  COOH, 

which  Balbiano  (JBerichte,  1895,  28,  1507)  obtained  from  camphoric 
acid,  and  which,  he  states,  melts  at  94  —  95°  and  gives  an  anilic  acid 
melting  at  159°. 

Starting  from  the  constitution  of  camphoric  acid  which  was  suggested 
on  p.  5,  namely, 


r 


^CH-COOH 

(CH3)2C     j/CH2 


CH3-C-COOH 

there  seems  to  be  only  one  formula  which  satisfactorily  explains  the 
reactions  of  dihydrocamphoric  acid,  and  that  is 

COOH-  CH(CH3)-C(CH3)2-  CH2-  CH(CH3)-COOH, 

a  formula  obtained  by  adding  on  two  atoms  of  hydrogen  at  the  point 
marked  '[  in  the  formula  for  camphoric  acid  given  above  ;  this  represents 
the  substance  as  aa1/8)8-tetramethyladipic  acid,  and  experiments  are 
now  being  carried  out  with  the  object  of  preparing  this  acid  syn- 
thetically, and  comparing  its  properties  with  those  of  dihydrocamphoric 
acid. 

It  has  already  been  stated  that  the  constant  for  the  electrical  con- 
ductivity of  this  acid  (K  =  0'00415)  agrees  very  closely  with  that  of 
aardimethyladipic  acid  (K  —  0'0042),  and  this  fact,  taken  in  conjunction 
with  the  great  readiness  with  which  the  acid  loses  carbonic  anhydride 
with  formation  of  the  cyclic  ketone,  dihydrocamphoketone  (compare 
especially  J.  Bredt  and  M,  v.  Rosenberg,  Annalen,  1896,  289,  1 — 14, 
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and  J.  Wislicenus,  ibid.,  1893,  275,  309), seems  to  us  to  show  conclusively 
that  the  acid  is  a  derivative  of  adipic  acid. 

The  formation  of  dihydrocamphoketone  would  then  be  expressed  thus 

CH2-CH-CH3  CH2— CH-CH3 

(CH3)2C       COOH  =    (CH3)2C       ,CO  +    C02   +    H,O, 

CH3-CH-  COOH  CH3-CHX 

Dihydrocamphoric  acid.  Dihydrocaraphoketoiie. 

and  this  view  of  the  constitution  of  dihydrocamphoketone  is  a  very 
probable  one,  since  the  formula  readily  explains  the  formation  of 
a/?/?-trimethylglutaric  acid  by  the  oxidation  of  the  ketone. 

Dihydrocamphoketone  is  very  similar,  in  many  of  its  properties,  to 
camphorphorone,  the  ketone  which  is  formed  when  the  calcium  salt  of 
camphoric  acid  is  distilled,  and  which  boils  at  200 — 205°  and  has  a 
penetrating  odour  of  peppermint.  The  latter  ketone,  on  oxidation,  yields 
a-methylglutaric  acid,  formic  acid,  and  acetic  acid  (Krenigs,  Eppens, 
Berichte,  25,  266),  a  decomposition  which  has  led  Bredt  (loc.  cit.)  to 

CH2-C[:C(CH3)21 

propose  the  formula,  ^u         nxx/nxr  \.^CO.  for  camphorphorone.    If 
UJtIg UJi^Uxlgj 

this  formula  should  prove  correct,  it  is  probable  that,  in  spite  of  the 
similarity  in  properties,  there  is  no  close  connection  between  this 
substance  and  dihydrocamphoketone. 

II.  The  /Substances  formed  when  Camphoric  Acid  is  Fused  with  Soda. 

The  fusion  of  4  kilos,  of  camphoric  acid  with  soda  was  carried  out 
under  the  same  conditions  and  in  the  same  apparatus  as  was  used  in 
the  experiments  with  caustic  potash,  and  the  melts  were  worked  up  in 
the  first  instance  in  a  very  similar  manner  to  the  potash  melts.  The 
amount  of  acids  volatile  with  steam  in  this  case  was  very  much  less 
than  that  obtained  from  the  potash  melts,  5  kilos,  of  camphoric  acid 
fused  with  potash  yielded  2 '3  kilos,  of  volatile  acids,  whereas  from 
4  kilos,  fused  with  soda  only  715  prams  were  obtained.  A  great  dif- 
ference was  also  noticed  in  the  COD  position  of  the  acids  from  the  two 
experiments,  and  this  is  well  brought  out  by  tables  which  have  been 
introduced  into  the  experimental  part  of  this  research  (p.  33).  The 
constitution  of  the  various  acids  which  were  obtained  by  fractionating 
the  715  grams  from  the  soda  melts  was  very  carefully  investigated,  in 
order  to  determine  whether  any  difference  could  be  noted  in  the 
nature  of  these  acids  as  compared  with  those  from  the  potash  melts, 
but  this  does  not  appear  to  be  the  case  except  in  the  highest  fraction 
of  all. 

In  fractioning  the  acids  from  the  potash  melts,  a  small  quantity  of 
an  oil  was  obtained  boiling  a  I  240 — 242°,  which,  on  analysis,  was 
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found  to  consist  for  the  most  part  of  a  .saturated  acid  of  the  formula 
C8H17*COOH.  From  the  soda  melts,  a  comparatively  much  larger 
quantity  of  an  acid  of  the  same  boiling  point  was  obtained,  which, 
however,  on  repeated  analysis,  was  found  not  to  be  identical  with  the 
acid  C8Hl7-  COOH,  but  to  contain  two  atoms  of  hydrogen  less,  and  to 
be  an  unsaturated  acid  of  the  formula  C8H15*COOH. 

This  acid,  which  apparently  had  been  formed  from  camphoric  acid 
by  the  elimination  of  carbonic  anhydride, 

C8H14(OOOH)2  =  C8H15-  COOH  +  C02, 

decolorises  permanganate  instantly  in  the  cold,  and  is  converted  into 
a  dibromo-acid  of  the  formula  C8H]5Br2*COOH,  by  treatment  with 
bromine.  On  oxidation,  first  with  permanganate  and  then  with  chromic 
acid,  it  yielded,  besides  acetic  acid,  a-methylglutaric  acid, 

COOH-  CH(CH3)-CH2-  CH2-  COOH, 

and  we  therefore  suggest  that  its  constitution  may  probably  be  ex- 
pressed by  the  formula 

CH3-  CH(COOH)-CH2-  CH2-  CHIC(CH3)2, 

a  formula  which  it  will  be  seen  can  readily  be  deduced  from  the 
constitution  of  camphoric  acid  adopted  in  this  paper,  and  from  the 
suggested  constitution  of  the  acid  C8H1V' COOH  (p.  5),  with  which,  no 
doubt,  it  is  closely  allied.  This  formula  is  rendered  probable  from  the 
fact  that  a  distinct  odour  of  acetone  was  noticed  during  the  oxidation 
with  chromic  acid ;  and  the  oxidation  may  then  be  assumed  to  have 
taken  place  in  the  following  way  : 

CH3-CH(COOH)-CH2-CH2*CH:C(CH3)2    +    30 

=  CH3-CH(COOH)-CH2-CH2-COOH   +   CO(CH3)2. 

The  acetone  would  then,  on  further  oxidation,  yield  the  acetic  acid 
which  was  found  among  the  products.  It  should  be  mentioned  that 
a  careful  examination  of  the  acids  boiling  at  240 — 242°  from  the  potash 
and  soda  melts  has  shown  that  the  products,  in  both  cases,  contain  the 
saturated  acid  C8H17' COOH  and  the  unsaturated  acid  C8H15«COOH, 
traces  of  the  former  being  found  in  the  soda  melts  and  traces  of  the 
latter  in  the  potash  melts  ;  this  difference  is  doubtless  due  to  the  well- 
known  fact  that  potash  when  fused  with  organic  substances  exercises 
a  more  powerful  reducing  action  than  soda. 

The  examination  of  the  acids  produced  on  fusing  camphoric  acid  with 
soda,  and  which  were  not  volatile  in  steam,  has  given  most  interesting 
results.  These  acids,  which  weighed  700  grams,  contained,  besides 
considerable  quantities  of  isopropylsuccinic  acid, 

CH(CH3)2-CH(COOH)-CH2-COOH 

(pimelic  acid),  and  some  camphoric  acid,  small  quantities  of  two  new 
acids,  one  crystalline  and  the  other  a  syrup  ;  these   were   separated 
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from  the  pinielic  acid  and  camphoric  acid  only  with  great  difficulty, 
and  by  methods  which  are  described  in  detail  in  this  paper. 

The  crystalline  acid  which  melts  at  119 — 120°,  on  repeated  analysis, 
gave  numbers  which  showed  that  it  was  a  dibasic  acid  of  the  formula 
C8H14(COOH)2,  that  it  was,  in  fact,  a  new  isomeride  of  camphoric 
acid. 

This  acid  which  we  have  called  pseudo-camphoric  acid,  gives  well- 
defined  salts  of  which  the  silver  salt,  C8H14(COOAg)2,  was  repeatedly 

analysed.       It  yields  also    a   crystalline   anhydride,  C8 

which  melts  at  52—53°,  and  an  anilic  acid,  COOH-C8H,4-CO-NH>C6H5, 

melting  at  208°.  Pseudocamphoric  acid  does  not  decolorise  alkaline 
permanganate  except  on  long  standing,  and  it  is  therefore,  like  cam- 
phoric acid,  saturated,  but  it  differs  from  the  latter  in  that  when 
treated  with  sulphuric  acid,  it  does  not  evolve  carbon  monoxide  and 
yield  a  sulphonic  acid  of  the  nature  of  sulphocamphylic  acid. 

Before  Aschan's  classical  researches  on  the  camphoric  acids  had 
been  published  (Berichte,  27,  2001,  Chemisettes  CentralUatt,  1895, 
51,  967),  thirteen  isomeric  forms  of  these  acids  had  been  described  : 
Aschan,  however,  showed  that  in  reality  there  were  only  six  modifications 
namely,  the  four  active  acids  d-  and  ^-camphoric  acid  and  d-  and  Mso- 
caniphoric  acid,  and  the  two  inactive  racemoid  forms,  i-camphoric  acid 
and  i- isocamphoric  acid.  The  active  camphoric  acids  melt  at  187°  and 
i-camphoric  acid  at  202 — 203°,  the  active  isocamphoric  acids  have  lower 
melting  points,  namely,  171 — 172°  and  t-isocamphoric  acid  melts  at 
191°.  The  camphoric  acids  belong  to  the  ciVform  and  yield  anhydrides, 
whereas  the  isocamphoric  acids  which  are  ^raws-modifications  do  not 
do  so. 

These  are  the  only  modifications  possible  on  the  assumption  that 
camphoric  acid  has  the  formula  suggested  by  Bredt  or  the  formula 
adopted  in  this  paper. 

It  will  be  seen  that  our  pseudocamphoric  acid  is  quite  different  in 
its  properties  from  any  of  the  above  acids  ;  moreover,  that  it  is 
not  a  mixture  of  a  camphoric  acid  and  an  isocamphoric  acid,  such  as 
has  been,  in  previous  cases,  found  to  melt  at  about  130°,  and  therefore 
described  as  new,  is  shown  by  the  fact  that  our  acid,  when  treated  with 
acetyl  chloride  according  to  Aschan's  directions,  remains  unaltered, 
whereas  such  a  mixture  would  yield  the  anhydride  of  the  camphoric 
acid,  whilst  the  isocamphoric  acid  remained  unchanged. 

It  seems  very  probable  that,  in  the  formation  of  pseudocamphoric 
acid  from  camphoric  acid,  the  5  ring  in  the  latter  acid  has  been  con- 
verted into  a  6  ring  by  the  introduction  of  one  of  the  methyl  groups 
of  the  complex  (CH3)2C=  thus. 
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CH2  CH2 

JXCH-COOH  H2C      CH-COOH        CH3-C      CH-COOH 

WM3)2V  AIT  =  PTT  •  P         PTT  O1*          Tf  P         PTT 

^^^\jtLn  ^3    ^         ^-*-*-2  -*~*-9  ^2 

CH3-C(COOH) 


CH3-C-COOH  CH3-C-COOH 

These  formulsB  represent  pseudocamphoric  acid  as  a  derivative  of 
hexahydrophthalic  acid  on  the  one  hand,  and  on  the  other  as  a 
substituted  glutaric  acid,  and  either  view  agrees  well  with  the  properties 
of  the  acid,  and  especially  with  the  fact  that  it  yields  a  well  charac- 
terised anhydride  and  anilic  acid. 

The  syrupy  acid  mentioned  on  p.  8  as  having  been  obtained  from 
that  portion  of  the  acids  not  volatile  with  steam,  is  a  substance  having 
very  interesting  properties.  It  is  a  very  viscid,  colourless  syrup  which 
distils  remarkably  constantly  at  254 — 257°  (50  mm.),  and,  on  ex- 
amination, has  been  found  to  consist  of  an  acid  of  the  formula  C9H1604 
very  soluble  in  water,  mixed  with  very  small  quantities  of  an  oil  in- 
soluble in  water,  properties  which  make  it  easy  to  separate  the  two. 

The  acid  C9H1(5O4  differs  from  all  the  other  substances  described 
in  this  paper  in  that,  in  spite  of  its  high  molecular  weight,  it  is 
unusually  soluble,  in  fact  almost  miscible  with  water.  It  is  a  diabasic 
acid  which  yields  a  silver  salt,  C7Hu(COOAg)2,  and  although  it  distils 
almost  without  change,  that  is,  without  forming  an  anhydride,  it 

does  yield  an  anhydride,  C7H14<Qo->0'boilin^atl85~~19()0^35mm') 
when  digested  with  acetic  anhydride.  We  have  not,  so  far,  been  able 
to  obtain  any  clue  to  the  nature  of  this  acid. 

This  research  was  commenced  in  1893  in  the  laboratories  of  Owens 
College,  and  since  1895  it  has  been  carried  on  uninterruptedly  both 
in  Owens  College  and  in  the  chemical  laboratory  of  St.  Thomas's 
Hospital,  and  we  wish  to  express  our  hearty  thanks  to  Messrs.  W.  H. 
Bentley,  G.  Haworth,  J.  L.  Heinke,  F.  H.  Lees,  and  others  for  valu- 
able help  in  carrying  out  this  difficult  investigation. 

EXPERIMENTAL. 
FUSION  OF  CAMPHORIC  ACID  WITH  CAUSTIC  POTASH. 

Description  of  the  Melting. — Five  kilos,  of  camphoric  acid  were  treated 
in  the  following  manner.  Five  hundred  grams  of  camphoric  acid  were 
mixed  with  4  kilos,  of  caustic  potash  containing  85  per  cent.  KOH  in  a 
large  iron  pot,  and  the  whole  well  moistened  with  water;  the  pot  was 
then  rapidly  heated  with  two  very  large  Fletcher  burners,  the  contents 
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being  meanwhile  well  stirred.  As  the  temperature  gradually  rose,  the 
mass  assumed  a  pasty  consistency,  and  at  about  170°  to  180°  bubbles 
appeared  round  the  edge  of  the  melt,  increasing  in  number  with  the 
rise  in  temperature  ;  water  was  given  off  and  a  small  amount  of  a  light 
coloured  scum  formed  on  the  surface.  At  250°,  the  melt  set  to  a  hard 
mass  and  could  only  be  stirred  with  difficulty  ;  great  care  was  required 
at  this  stage  to  prevent  charring.  On  continuing  to  heat,  the  melt 
again  became  quite  liquid  at  about  300°,  and  just  above  360°  began  to 
give  off  large  quantities  of  hydrogen,  at  the  same  time  a  penetrating 
aromatic  odour  somewhat  resembling  that  of  menthol  was  observed. 
The  evolution  of  hydrogen  continued  for  from  2 — 2J  hours,  and  the 
whole  operation  lasted  from  3 — 3^  hours.  As  soon  as  hydrogen  ceased 
to  be  evolved,  the  melt  was  poured  on  to  shallow  iron  trays  and  allowed 
to  cool,  when  it  soon  solidified  to  a  hard,  brittle  cake  of  a  greenish  colour. 

Working  up  of  the  Product. — When  cold,  the  melb  was  broken 
up  and  placed  in  a  lead-lined  iron  vessel  (specially  fitted  up  for 
steam  distillation),  a  large  amount  of  water  added,  and  steam  passed 
through  until  the  whole  was  dissolved.  The  lid  of  the  vessel  was 
then  fastened  down,  and  through  a  tap  in  the  lid  a  quantity  of 
33  per  cent,  sulphuric  acid  was  run  in  somewhat  more  than  sufficient 
(this  was  calculated  from  experiments  made  with  small  samples  of 
the  different  melts)  to  combine  with  the  caustic  potash  used,  and 
the  whole  submitted  to  steam  distillation  until  the  condensed  water 
had  only  a  very  slight  acid  reaction.  The  acid  distillate  was 
neutralised  with  caustic  soda  and  evaporated  to  dryness. 

By  this  means,  4  kilos,  of  sodium  salts  were  obtained,  which  were 
dissolved  in  the  least  possible  quantity  of  water,  strongly  acidified  with 
hydrochloric  acid  and  extracted  with  ether  ;  the  ethereal  solution  was 
dried  over  calcium  chloride  and  the  ether  evaporated;  the  residue 
weighed  2-3  kilos,  and  was  treated  in  the  manner  described  in  detail  on 
page  12. 

Residue  from  the  Steam  Distillation. — The  residue  from  the  distil- 
lation with  steam,  on  cooling,  deposited  large  quantities  of  potassium 
sulphate ;  this  was  filtered  off,  and  the  filtrate  neutralised  with  caustic 
soda  and  evaporated  to  about  one-third  its  bulk  in  large,  flat  copper 
pans,  heated  by  steam.  The  salts  which  separated  from  this  concen- 
trated liquor  contained  much  organic  matter,  and  on  treatment  with 
hydrochloric  acid  and  ether  in  the  manner  just  described,  yielded  510 
grams  of  a  pale  yellow  oil  (A). 

Lastly,  the  filtrate  from  the  above  salt  was  evaporated  to  dryness ; 
at  a  later  date,  this  solid  residue  was  dissolved  in  water,  strongly 
acidified  with  hydrochloric  acid,  and  treated  with  ether  as  above,  when 
316  grams  of  a  dark  yellow  oil  (B)  was  obtained. 


12     CROSSLEY   AND   PERKIN  :   DECOMPOSITION   OF   CAMPHORIC 


The  process  adopted  in  working  up  the  oils  (A)  and  (B)  is  described 
on  pages  22  and  23. 

Volatile  Acids  formed  by  the  Fusion  of  Camphoric  Acid  with  Potash. 

The  2 '3  kilos,  of  crude  acids  which  had  been  volatilised  with  steam 
(p.  11)  were  now  carefully  fractionated,  using  a  column,  with  the 
following  results. 


Fraction. 

50—100° 
100—125 
125—135 
135—150 
above  150 


Weight  in  grams. 
296 
663 
515 
387 
325 


The  fraction  50 — 100°  contained  water  and  ether ;  the  ethereal 
solution  separated  from  the  water  was  carefully  dried  over  anhydrous 
sodium  sulphate;  the  fractions  100—125°,  125—135°,  and  135—150° 
were  also  carefully  dried  over  sodium  sulphate,  and  the  whole  was  then 
repeatedly  distilled,  the  acids,  after  each  distillation,  being  again 
dried  over  anhydrous  sodium  sulphate.  The  appended  table  gives  the 
result  of  this  treatment. 


Fraction. 

Weight  in  grams  after 
2nd  distillation. 

Weight  in  grams  after 
3rd  distillation. 

Weight  in  grams  after 
4th  distillation. 

50-100° 
100—125 
125—135 
135—150 
above  150 

13 
501 
Not  distilled 

M 

689 
310 
360 

701 
330 
285 
20 

The  acids  boiling  above  150°  gave  the  following  results  on  fraction- 


ation. 


Fraction. 

below  150° 
150—160 
160—170 
170—180 
180—190 
190—200 
200—210 
210—220 
220—230 
230—240 

above  240 


Weight  in  grams 
after  1st  distillation. 

Weight  in  grams 
after  2nd  distillation. 

2 

15 

12 

58 

68 

40 

59 

33 

41 

36 

42 

31 

42 

42 

43 

48 

33 

30 

22 

14 

22 

32 
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From  the  acids  boiling  above  240°,  a  small  amount  of  solid  matter 
crystallised  out  on  standing,  which,  when  separated  from  the  liquid 
and  dried,  was  found  to  have  a  melting  point  of  114°,  corresponding 
with  that  of  pimelic  acid  (isopropylsuccinic  acid).  The  presence  of  this 
acid  could  only  be  accounted  for  by  assuming  that  it  was  to  some  ex- 
tent volatile  with  steam,  and,  in  order  to  test  this  supposition,  the  follow- 
ing experiment  was  made. 

Five  grams  of  pimelic  anhydride  were  dissolved  in  caustic  soda, 
acidified  with  sulphuric  acid,  and  steam  distilled  for  If  hours.  The 
distillate,  after  being  neutralised  with  caustic  soda,  evaporated,  acidified 
with  sulphuric  acid,  extracted  with  ether,  &c.,  gave  0*2  gram  of  a 
crystalline  solid  having  a  melting  point  of  114°,  which  is  that  of 
pimelic  acid.  This  shows  that  pimelic  acid  is  to  some  extent  carried 
over  during  steam  distillation. 

It  was  thought  that  a  separation  of  pimelic  acid  from  the  fatty 
acids  might  be  effected,  if  the  ammonium  salts  were  distilled  with  steam. 
The  salts  of  the  fatty  acids  would  by  this  means  be  dissociated  into 
ammonia  and  the  free  acids  which  would  distil  over,  whereas  the 
ammonium  salt  of  pimelic  acid  might  be  expected  to  remain  unde- 
composed. 

On  making  a  blank  experiment  in  this  way  with  20  grams  of  pimelic 
anhydride,  it  was  found  that  the  ammonium  salt  of  pimelic  acid  is  not 
decomposed  during  steam  distillation. 

In  order  to  test  this  method  of  separation  further,  a  considerable 
amount  of  acids  from  which  a  small  quantity  of  the  crystalline  substance, 
melting  at  114°,  had  been  obtained,  was  dissolved  in  ammonia  and 
steam  distilled  until  no  more  acid  came  over  with  the  condensed  water. 
The  ethereal  extract  from  the  acidified  residue  left  in  the  retort 
solidified  completely  on  standing,  and  the  crystals  melted  at  114° 
(pimelic  acid).  These  experiments  showed  that  the  acids  boiling 
above  150°  must  contain  pimelic  acid,  and  as  it  was  necessary  to  get- 
rid  of  this  substance,  the  whole  of  the  fatty  acids  boiling  above  this 
temperature  was  dissolved  in  ammonia  and  steam  distilled.  The  total 
amount  of  crude  pimelic  acid  obtained  from  the  residue  was  about  45 
grams.  During  the  distillation,  the  first  portion  which  passed  over 
was  strongly  alkaline  (from  the  presence  of  ammonia)  and  from  this 
liquid  a  small  amount  of  an  oil  separated  (about  2  grams) ;  this  was 
extracted  with  ether,  but  the  quantity  was  too  small  to  allow  of  its 
nature  being  investigated.  The  combined  distillates  from  the  steam 
distillation  were  neutralised  with  caustic  soda,  evaporated,  acidified  and 
treated  with  ether,  &c.,  a,s  described  on  p.  11,  and  fractionated. 
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Fraction. 

Weight  in  grams 
before  the  ammonium 

Weight  in  grams  after 
the  ammonium  salt 

Weight  in  grams  of 
acid  from  residue  after 

salt  purification. 

purification. 

distillation. 

150—160° 

58 

an 

160—170 

40 

25 

170—180 

33 

25  I 

20 

180—190 

36 

35 

190—200 

31 

20j 

200—210 

42 

43) 

210—220 

48 

82  ( 

220—230 

30 

54  ( 

25 

230—240 

14 

20) 

above  240 

32 

6 

The  Fraction  100 — 125°  contains  Acetic  Acid,  CH3*  COOH. — In  order  to 
thoroughly  dry  this  fraction,  it  was  mixed  with  an  equal  volume  of 
concentrated  sulphuric  acid,  allowed  to  stand  for  24  hours,  and  then 
distilled;  this  operation  was  repeated  four  times,  and  finally,  after 
several  fractional  distillations,  a  considerable  quantity  of  pure  acetic 
acid  was  isolated  which  solidified  on  cooling  with  ice.  The  silver  salt 
prepared  from  this,  after  recrystallisation  from  water,  gave  the  follow- 
ing result  on  analysis. 

0-1996,  on  ignition,  gave  0-1290  Ag.     Ag  =  64'62. 

CH3COOAg  requires  Ag  =  64-67  per  cent. 

The  acid  was  further  characterised  by  converting  it  into  ethylic  acetate 
and  acetanilide. 

The  Fraction  135—150°  contains  Propionic  Acid,  CH3-  CH2-  COOH. 
< — After  drying  with  sulphuric  acid  and  repeated  very  careful  fractional 
distillation,  a  portion  was  isolated  which  boiled  constantly  at  140°, 
and,  on  analysis,  was  shown  to  be  propionic  acid. 


=  48-72;  H  =  8-35. 
8-10  per  cent. 


Ag  =  59-61. 
Ag  =  59-57. 
0  =  19-70;  H  =  2-71. 


0-1628  gave  0-2909  C02  and  0-1224  H20.     C 
OH3- CH2-  COOH  requires  C  =  48-64 ;  H 

The  silver  salt  was  also  analysed. 

I.     0-1540,  on  ignition,  gave  0-0918  Ag.     A 
II.     0-2689  „         „  „     0-1602  Ag. 

0-2689  gave  0-1942  CO2  and  0-0658  H2O. 

C8H5O2Ag  requires  Ag  =  59-66  ;  C  =  19-89  ;  H  =  2'76  per  cent. 

The  Fraction  150 — 160°  contains  Isolutyric  Acid.— Hlasiwetz  and 
Grabowski  considered  that  the  acid  formed  by  the  action  of  fused  potash 
on  camphoric  acid  consisted  of  butyric  acid.  We  have,  however,  failed 
to  substantiate  this  statement,  as  we  have  not  succeeded  in  isolating 
any  butyric  acid,  although,  on  the  other  hand,  we  find  that  iso-butyric 
acid  is  formed  in  considerable  quantities  during  the  fusion. 
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As  the  boiling  points  of  the  two  butyric  acids  are  near  to  one  another 
(normal  acid,  163°;  iso-acid,  150°)  it  was  feared  that,if  both  were  present, 
distillation  alone  would  not  separate  them.  Wechsler's*  method 
(Monatshefte,  July,  1893,  462)  was  therefore  resorted  to. 

For  this  purpose,  the  whole  of  the  fraction  150 — 160°  was  neutralised 
with  standard  caustic  soda,  one-third  of  the  amount  of  standard  sul- 
phuric acid  necessary  to  neutralise  the  soda  was  added,  and  the  mixture 
steam  distilled  until  the  distillate  was  no  longer  acid.  According  to 
Wechsler,  under  these  conditions,  the  acid  of  higher  boiling  point  comes 
over  first ;  so  that  the  distillate  should  contain  butyric  acid,  if  any 
were  present.  An  analysis  of  the  fraction  160 — 166°  of  the  acids 
obtained  from  the  distillate  gave  the  following  numbers. 

0-1918  gave  0-3980  C02  and  0*1631  H20.     C  =  56*62  ;  H  =  9'43. 
C4H802  requires  C  =  54-54;  H  =  9'09.  05H1002 requires  C  =  58'82;  H  =  9-80  % 

Evidently  the  substance  is  a  mixture  of  probably  isobutyric  acid  (or 
butyric  acid)  and  isovaleric  acid. 

To  the  residue  of  the  distillation,  another  portion  of  the  standard 
acid,  equal  to  one-third  of  the  soda  solution  originally  used,  was  added, 
and  the  whole  again  distilled  in  steam.  The  distillate  was  heated  with 
excess  of  calcium  carbonate,  filtered,  and  the  clear  filtrate  concentrated 
on  the  water  bath,  when,  on  cooling,  well-defined,  white,  feathery 
crystals  separated.  A  portion  of  the  clear  mother  liquor,  which  had 
a  syrupy  consistency,  was  heated  at  100°  in  a  closed  tube,  but  only  a 
minute  quantity  of  solid  matter  was  precipitated,  showing  that  not 
more  than  a  trace  of  the  calcium  salt  of  normal  butyric  acid  could  have 
been  present. 

The  acid,  recovered  from  the  calcium  salt  in  the  usual  way,  by  acidi- 
fying and  extracting  with  ether,  was  submitted  to  fractional  distillation, 
and  the  portion  boiling  between  152°  and  153°  was  analysed. 

0-1561  gave  0-3089  C02  and  0-1250  H20.     0  =  53-98;  H  =  8-9. 
C4H802  requires  0  =  54-54;  H  =  9'09  per  cent. 

The  calcium  salt  prepared  from  this  acid  was  also  analysed. 

0-1264,  dried  at  100°,  gave  0-0828  CaS04.     Ca=  18'98. 

0-1708  of  the  air-dried  salt  lost  0-0440  H2O  at  155°.     H20  =  25-76. 

(C4H7O2)2Ca  requires  Ca=  18-69  per  cent. 

(C4H702)2Ca,4H20  requires  H2O  =  25-17.     (C4H7O2)2Ca,5H20  requires 
H20  =  29-60percent. 

This  determination  of  the  water  of  crystallisation  agrees  well  with 
that  of  the  calcium  salt  obtained  from  the  soda  melts ;  but  according 

*  This  method,  although  in  some  cases  valuable,  is  not  so  trustworthy  as  might  be 
supposed  from  the  description  given  by  Wechsler,  as  detailed  experiments,  carried 
out  by  one  of  us,  show  (Trans.,  1897,  71,  580). 


16     CROSSLEY    AND   PERKIN  :   DECOMPOSITION   OF   CAMPHORIC 

to  Chancel  and  Parmentier  (Compt.  rend.,  1887,  104,  477)  calcium  iso- 
butyrate  contains  5H2O.  An  examination  of  the  calcium  salt  prepared 
from  pure  isobutyric  acid  showed  that,  if  left  exposed  to  the  air,  it 
loses  some  of  its  water  of  crystallisation  ;  this  accounts  for  the  numbers 
obtained  in  the  above  analysis  being  low. 

These  experiments  prove  conclusively  that  isobutyric  acid  is  one  of  the 
acids  formed  during  the  fusion  of  camphoric  acid  with  caustic  potash. 

The  Fraction  170 — 180°  contains  Isovaleric  Acid, 

CH(CH3)2-CH2-COOH. 

— The  very  disagreeable  smelling  oily  acids  boiling  within  these 
limits  were  repeatedly  fractionated,  when  a  considerable  quantity  was 
obtained  boiling  at  175 — 180°;  the  product,  on  analysis,  gave  the 
following  result. 

0-1207  gave  0-2592  C02  and  0-1092  H2O.     0  =  58-57;  H  =  10-04. 
C5H1002  requires  0  =  58-82  ;  H  =  9-80  per  cent. 

The  whole  of  this  fraction  was  converted  into  the  anilide  which  was 
purified  by  crystallisation  from  light  petroleum  (b.  p.  100 — 120°).  It 
formed  shining,  white  needles  which  melted  at  109-5 — 110-5°. 

I.  0-1141  gave  8*1  c.c.  moist  nitrogen  at  12°  and  752  mm.  N  =  8*33. 
II  0-1154      „     7-9  „  „  13-5°,,  769mm.  N  =  8'16. 

C^HjgNO  requires  N  =  7'91  per  cent. 

According  to  Chiozza  (Ann.,  1852,  84,  109),  the  melting  point  of 
tso-valeranilide  is  115°;  whilst  Schmidt  and  Sachtleben  (Ann.t  1878, 
193,  102)  state  that  the  anilide  prepared  from  synthetical  isobutyl- 
formic  (isopropylacetic)  acid  melts  at  100°. 

In  order  to  test  these  statements,  isopropylacetic  acid  was  prepared 
from  ethylic  isopropylmalonate.  This  ethereal  salt  after  careful 
fractionation  was  hydrolysed  with  alcoholic  potash,  the  dibasic  acid 
distilled  to  eliminate  carbon  dioxide,  and  the  distillate  fractionated.  A 
portion  of  the  pure  acid  boiling  at  175°  was  converted  into  the  anilide, 
which,  after  repeated  recrystallisation  from  light  petroleum,  melted  at 
109 — 111°;  this  agrees  with  the  melting  point  of  the  acid  prepared 
from  the  fusion  of  camphoric  acid  with  caustic  potash,  proving  that 
the  acid  described  above  is  isovaleric  acid. 

The  Fraction  180 — 200°  contains  Metliylisopropylacetw  Acid, 

CH(CH3)2-  CH(CH3)-COOH. 

—The  fraction  of  the  fatty  acids  boiling  between  180°  and  200°  (about 
70  grams)  was  12  times  very  carefully  fractioned,  the  following 
fractions  being  ultimately  obtained. 

180—183°  =    5  grams  189—192°  =  15  grams 

183—186°=     8      „  192— 195°  =11       „ 

186—189°  =  14      „  195—198°  =    7      „ 
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The  fraction  186 — 192°,  which  weighed  29  grams,  was  converted 
into  the  anilide  in  the  usual  way,  and  this,  on  standing  for  some  days 
in  an  ice  chest  over  sulphuric  acid  in  a  vacuum  desiccator,  deposited 
crystals  which,  after  being  left  in  contact  with  porous  porcelain  for 
a  fortnight,  were  purified  by  repeated  crystallisation  from  dilute 
methylic  alcohol.  The  anilide  thus  obtained  melted  sharply  at  75°, 
and  gave  the  following  numbers  on  analysis. 

0-1608  gave  10'4  c.c.  moist  nitrogen  at  15°  and  750  mm.    N  =  7'47. 
C5Hn-CO-NH-C6H5  requires  N  =  7'33  per  cent. 

This  pure  anilide  was  digested  with  concentrated  hydrochloric  acid, 
and  the  regenerated  acid,  after  extraction  with  ether  and  drying 
over  calcium  chloride,  was  distilled,  when  the  whole  passed  over  at 
189 — 191°  (766  mm.)  and  gave,  on  analysis,  the  following  numbers. 

0-1451  gave  0-3288  C02  and  0-1338  H20.     0  =  61-82  ;  H  =  10-24. 
C5Hn-COOH  requires  0  =  62-07;  H  =  10-34  per  cent. 

The  silver  salt  prepared  from  the  ammonium  salt  by  precipitation, 
is  amorphous  and  insoluble. 

0-1340  gave,  on  ignition,  0-0645  Ag.     Ag  =  48-13 

C5Hn-COOAg  requires  Ag  =  48-43  per  cent. 

In  order  to  further  characterise  this  acid,  it  was  converted  into  the 
paratoluidide,  C5H11'CO*NH'06H4'CH3,  by  treating  the  acid  chloride 
with  paratoluidine.  As  the  crude  product  of  the  action  did  not 
crystallise  readily,  it  was  ground  up  for  some  days  successively 
with  small  quantities  of  dilute  sodium  carbonate  solution,  and  dilute 
hydrochloric  acid  ;  it  ultimately  became  quite  hard,  and  was  then 
purified  by  recrystallisation  from  light  petroleum  (b.  p.  60 — 80°)  from 
which  it  separated  in  colourless  needles  melting  at  103 — 104°. 

0-1522  gave  8'8  c.c  moist  nitrogen  at  14°  and  752  mm.    N  =  6'73. 
C5Hn-C(>NH:-C6H4-CH3  requires  N  =  6'83  per  cent. 

As  the  boiling  point  of  this  acid  coincides  exactly  with  that  of 
methylisopropylacetic  acid  (a/3/?-trimethylpropionic  acid)  which  one 
of  us  had  previously  prepared  (Trans.,  1.896,  69,  1476),  it  seemed 
probable  thatthe  two  acids  might  be  identical.  In' order  to  test  this,  syn- 
thetical methylisopropylacetic  acid  boiling  at  189 — 190°  was  converted 
into  the  anilide  and  paratoluidide,  which  were  found  to  be  identical 
in  every  respect  with  those  prepared  from  the  acid  described  above. 
The  acid  obtained  by  the  fusion  of  camphoric  acid  with  potash,  and 
boiling  at  189 — 191°,  is  therefore  methylisopropylacetic  acid. 
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Examination  of  the  Acids  Boiling  at  200 — 220°. 

It  will  be  seen  from  the  table  on  page  14  that  no  less  than  75 
grams  of  acid  of  the  fraction  distilling  between  200  and  220°  had 
been  obtained  ;  and  it  seemed  probable  that  a  careful  examination  of 
it  might  furnish  very  interesting  results.  Accordingly,  the  mix- 
ture was  very  carefully  fractionated  (12  times)  with  the  following 
results. 

200—203°  =     6  grams  209—212°  =  19  grams 

203—206    =  10      „  212—215    =    9      „ 

206—209    -  21      „  215—218    =    4      „ 

The  fraction  206 — 212°,  con  verted  into  the  acid  chloride  in  the  usual 
way,  distilled  entirely  between  115°  and  120°  (200  mm.).  The  oily 
anilide  prepared  from  this,  after  being  kept  for  some  days  at  0°,  deposited 
a  semi-solid  mass  of  crystals.  This,  when  placed  on  porous  porcelain, 
left  an  almost  colourless  crystalline  cake,  which  was  purified  by  re- 
crystallisation  from  light  petroleum  (b.  p.  60 — 90°) ;  in  this  way,  a 
very  sparingly  soluble  anilide  was  easily  isolated  in  a  beautifully 
crystalline  condition,  and  melting  sharply  at  105 — 105 -5°. 

0-2146  gave  13-2  c.c.  moist  nitrogen  at  20°  and  754  mm.     N  =  6'98. 
C6H13-CO-NH-C6H5  requires  N  =  6'83  per  cent. 

The  anilide  was  now  decomposed  by  digestion  with  strong  hydro- 
chloric acid  in  a  reflux  apparatus  for  about  two  days ;  the  oily  acid, 
extracted  with  pure  ether  in  the  usual  way,  was  purified  by  fraction- 
ation,  when  almost  the  whole  distilled  at  209 — 210°  as  a  colourless  oil. 

0-1494  gave  0-3521  C02  and  0-1425  H20.     0  =  64-27;  H  =  10-60. 

0-1384     „     0-3269  C02    „    0-1338  H20.     0  =  64-42 ;  H  =  10'74. 

0-1522     „     0-3604  C02    „    0-1493  H2O.     0  =  64-58 ;  H  =  10-91. 

C6H13'COOH  requires  0  =  64-61 ;  H=10'77  per  cent. 

The  silver  salt  of  this  acid  is  a  white,  caseous,  insoluble  precipitate, 
which,  after  washing  well  with  water,  alcohol,  and  ether,  gave  the 
following  results  on  analysis. 

0-1081  gave,  on  ignition,  0-0492  Ag.     Ag  =  45-51. 

0-1622     „  „        0-0738  Ag.     Ag  =  45'49. 

C6H13-COOAg  requires  Ag  =  45-57. 

These  results  .prove  conclusively  that  the  acid  boiling  a.t  209 — 210°  is 
a  heptylic  acid,  C6H13-COOH. 

As  far  as  we  have  been  able  to  find  out,  there  have  been  compara- 
tively few  acids  of  this  composition  prepared,  the  following  being  a  table 
of  the  known  isomerides. 
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(1)  Normal  heptylic  acid,  CH3-  [CH2]5-  COOH    b.  p.  220-4° 

(2)  Methylbutylacetic  acid,  CH3-[CH2]3-CH(CH3)- COOH     „     210 

(3)  iso-Oenanthic  acid,  constitution  unknown  b.  p.  210 — 213 

(4)  tso-Amylacetic  acid,  CH(CH3)2-  [OH2]8-  COOH         „     208—210 

(5)  Methyldiethylacetic  acid,  C(C2H5)2-[CH3]-COOH  „     207—208 

(6)  Ethylpropylacetic  acid, CH3-[CH2]2-CH(C2H5)- COOH  b.  p.  209*2 

(7)  Methylisobutylaceticacid,  CH3-CH(C4H9)-COOH    ...     „     205 

(8)  Methylisopropylpropionic  acid, 

CH(CH3)2-CH(CH3)-CH2-COOH(?)    „     220 

It  will  be  seen  from  this  table  that  several  of  these  acids  boil  at  the 
same  temperature  as  our  hexylic  acid,  but  as  the  anilides  of  the  acids 
boiling  between  207 — 213°  have  not  been  prepared,  it  is  impossible  to 
decide  whether  or  not  any  one  of  these  is  identical  with  the  acid  from 
camphoric  acid. 

At  first  we  thought  it  probable  that  our  acid  might  be  isoamylacetic 
acid,  and  we  therefore  prepared  this  acid,  and  converted  it  into  its 
anilide  ;  this,  however,  melts  at  75°,  and  is  quite  different  in  its 
solubilities  and  appearance  from  our  anilide. 

We  are  for  several  reasons  inclined  to  think  that  our  acid  is  a 
dimethylethylpropionic  acid  of  the  formula 

CH3-  CH2-  C(CH3)2-  CH2-  COOH, 
and  we  propose  to  synthesise  this  acid  with  the  view  to  decide  this  point. 

Examination  of  the  Acids  Boiling  above  220°. 

The  portion  of  the  acids  boiling  above  220°,  weighing  about  80  grams, 
was  submitted  to  repeated  fractionation,  and  ultimately  the  following 
quantities  were  obtained. 

220 — 225°=   7  grams.  235 — 240°=   9  grams. 

225—230  =14       „  240—245  =15       „ 

230—235  =15      „  245—250  =6       „ 

As  during  the  distillations  it  was  noticed  that  the  temperature  always 
remained  constant  for  a  considerable  time  at  230 — 232°  (750  mm.),  a 
small  quantity  boiling  at  this  temperature  was  converted  into  the 
anilide,  in  the  hope  that  it  might  crystallise  well,  but  this  was  not  the 
case,  and  the  same  remark  applies  to  the  fraction  240 — 245°.  The 
fraction  225 — 235°  was  now  submitted  10  times  to  most  careful  frac- 
tionation, and  ultimately  9  grams  of  an  acid  were  obtained,  boiling 
almost  constantly  at  230 — 232°  (750  mm.).  On  analysis,  it  gave  the 
following  results. 

0-1074  gave  0-2602  C02  and  0-1032  H2O.     C  =  66-09  ;  H  =  10-68. 

0-1610     „     0-3923  CO2    „    0-1591  H2O.     C  =  66-44  ;  H  =  10-99. 

C7H15-COOH  requires  C  =  66'66  ;  H=  11-11  per  cent. 
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The  slightly  alkaline  solution  of  the  ammonium  salt  was  precipitated 
fractionally  with  silver  nitrate,  and  the  three  fractions  of  silver  salt 
thus  obtained  gave  the  following  results  on  analysis. 

I.  0-1676  gave,  on  ignition,  0'0720  Ag.     Ag  =  42'95. 

II.  0-1483     „  „        0-0641  Ag.     Ag  =  43-23. 

III.  0-2224     „  „         0-0965  Ag.     Ag  =  43-39. 

C7H15-COOAg  requires  Ag  =  43'03  per  cent. 

This  close  agreement  of  the  three  fractions  of  the  silver  salt  with 
the  formula  CrH15'COOAg  appears  to  indicate  that  the  fraction 
230 — 232°  consists  either  of  a  pure  acid  or  a  mixture  of  isomeric  acids 
of  this  formula.  The  former  alternative  seems  to  us  to  be  the  more 
probable. 

Oxidation  of  the  Acid  Boiling  at  230 — 232°. — In  order,  if  possible, 
to  obtain  some  clue  as  to  the  nature  of  this  acid,  the  whole  quantity 
which  remained  after  the  above  analyses  had  been  made  was  submitted 
to  oxidation  with  potassium  permanganate.  As  the  acid  is  only  very 
slowly  attacked  by  alkaline  permanganate  in  the  cold,  the  solution  of  the 
acid  in  sodium  carbonate  was  heated  to  boiling,  and  then  small  quanti- 
ties of  the  oxidising  agent  added,  until  the  oxidation  appeared  to  become 
sluggish.  The  excess  of  permanganate  was  then  destroyed  by  sodium 
hydrogen  sulphite,  the  manganese  precipitate  removed  by  nitration, 
and  the  filtrate  and  washings  concentrated;  the  liquid  was  then  acidified 
with  sulphuric  acid  and  distilled  with  steam  as  long  as  any  unchanged 
acid  passed  over.  The  distillate  was  made  alkaline  and  oxidised  as 
before,  the  operation  being  repeated  until  no  unchanged  acid  distilled 
with  the  steam.  The  last  steam  distillate,  on  being  neutralised  with 
carbonate  of  soda  and  evaporated  to  dryness,  gave  a  considerable 
quantity  of  a  sodium  salt  the  acid  from  which  nearly  all  passed  over 
below  150°  and  appeared  to  consist  mainly  of  acetic  and  propionic  acids. 

The  residual  liquors  resulting  from  the  oxidations  were  concentrated, 
acidified  with  dilute  sulphuric  acid,  saturated  with  ammonium  sul- 
phate, and  extracted  10  times  with  pure  ether.  The  ethereal  solution, 
after  drying  over  calcium  chloride  and  evaporating,  deposited  an  almost 
colourless  oil  which,  on  distillation  under  reduced  pressure  (40  mm.), 
yielded  a  considerable  quantity  of  a  fraction  boiling  at  about!60 — 175°; 
as  this  dissolved  with  difficulty  in  sodium  carbonate  solution,  it  evi- 
dently consisted  mainly  of  an  anhydride.  The  whole  was,  therefore, 
dissolved  in  hot  dilute  caustic  soda,  a  small  quantity  of  a  neutral  oil 
removed  by  ether,  and  the  acid  again  extracted  from  the  solution  after 
acidification,  in  the  usual  way.  The  oily  acid  thus  obtained,  when  kept 
for  some  weeks  in  an  ice  chest,  deposited  crystals  which  were  dried 
on  porous  porcelain,  dissolved  in  a  little  water  and  the  solution 
saturated  with  hydrogen  chloride.  In  a  short  time,  colourless  crystals 
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separated  which,  after  recrystallisation,  melted  at  180°  and  were  found 
on  analysis  to  consist  of  succinic  acid. 

0-1450  gave  0-2160  CO2  and  0-0688  H2O.    0  =  40-63  ;  H  =  5-27. 
COOH-  CH2-  CH2-  COOH  requires  C  =  40-68 ;  H  =  5'08  per  cent. 

The  mother  liquor  from  the  succinic  acid,  when  allowed  to  evaporate 
nearly  to  dryness  over  potash  in  a  vacuum  desiccator,  deposited 
nodular  crystals  and  some  leaflets  of  succinic  acid  ;  the  former  were 
easily  separated  mechanically  and  after  twice  crystallising  from  hydro- 
chloric acid  were  analysed. 

0-1002  gave  0-1803  CO2  and  0-0628  H2O.     0  =  49-10  ;  H  =  6'97. 
C6H1004  =  COOH-CH(CH3)-CH2-CH2-COOH  requires  C  =  49'32  ; 
H  =  6-85  per  cent. 

The  melting  point  of  the  crystals  was  75 — 77°,  and  the  general 
appearance  and  properties  of  the  acid  indicated  that  it  was  a-methyl- 
glutaric  acid  (m.  p.  77 — 78°). 

In  order  to  confirm  this,  the  remainder  of  the  acid  was  converted 
into  the  anilic  acid,  which  melted  at  112 — 113°;  Auwers  (Annalen, 
292,  210)  gives  114 — 11 5°  as  the  melting  point  of  methylglutaranilic 
acid.  It  seems,  therefore,  that  the  principal  products  of  the  oxidation 
of  the  acid  boiling  at  230 — 232°  are  succinic  acid,  a-methylglutaric 
acid,  and  fatty  acids  of  low  boiling  point.  This  acid  does  not  appear 
to  be  identical  with  any  of  the  known  acids,  C8H16O2,  and  we  are  in- 
clined to  believe  that  its  constitution  is  represented  by  the  formula 
*CH(CH3)2-CH(CH3)-CH2-CH2-COOH,  or  niethylisopropylbutyric  acid, 
in  which  case,  if  oxidation  took  place  at  the  carbon  atom  marked  *,  the 
formation  of  methylglutaric  acid  under  these  conditions  could  be  readily 
understood. 

It  will  be  seen  from  the  table  given  at  the  head  of  this  section  that 
a  considerable  quantity  (15  grams)  of  the  acids  boiled  at  about 
240 — 245°,  and  in  order  to  examine  this  portion  the  fraction  235 — 250°, 
weighing  30  grams,  was  very  carefully  fractionated  (5  times);  in  this  way, 
about  9  grams  of  an  acid  were  obtained  boiling  at  240 — 242°,  and 
giving  the  following 'results  on  analysis. 

0-1228  gave  0-3090  002  and  0-1234  H2O.     0-68-69  •  H=  11-16. 
C8H1T-  OOOH  requires  0  =  68-  35  ;  H  =  11-39  per  cent. 

On  examining  this  acid,  it  was  found  that  it  contained  a  small 
quantity  of  an  unsaturated  compound,  undoubtedly  the  acid  C8H15«  COOH 
referred  to  in  describing  the  acids  obtained  from  camphoric  acid  by 
fusion  with  caustic  soda  (p.  36).  In  order  to  remove  this,  the  whole 
of  the  fraction  240 — 242°  was  dissolved  in  dilute  sodium  carbonate, 
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mixed  with  ice,  and,  while  well  agitated  with  a  turbine  (and  also  by 
passing  a  rapid  current  of  carbonic  anhydride),  a  cold  saturated  solu- 
tion of  permanganate  was  run  in  drop  by  drop  until  the  colour  re- 
mained permanent.  The  solution  was  then  heated  to  boiling,  filtered, 
the  fitrate  and  washings  of  the  manganese  precipitate  concentrated,  the 
residue  acidified,  and  the  oily  acid  extracted  with  ether.  The  ethereal 
solution,  after  drying  and  evaporating,  deposited  7 '5  grams  of  an  oil 
which,  on  distillation,  passed  over  completely  between  240°  and  245°, 
and  nearly  all  at  240 — 242°.  A  portion  of  the  substance  boiling  at 
241°  was  analysed. 

0-1353  gave  0-3377  C02  and  0-1390  H20.     C  =  68-07  ;  H  =  ll-41. 
C8H17-COOH  requires  C  =  68-35  ;  H  =  1 1-39  per  cent. 

The  silver  salt,  prepared  from  the  ammonium  salt  in  the  usual  way,  is 
a  white,  amorphous  precipitate  which  was  analysed  after  washing  suc- 
cessively with  water,  methylic  alcohol,  and  ether. 

0-1350,  on  ignition,  gave  0-0553  Ag.     Ag  =  40-96. 

C8Hl7-COOAg  requires  Ag  =  40-75  per  cent. 

These  results  clearly  indicate  that  the  acid  boiling  at  240 — 242°  is  a 
fatty  acid  of  the  composition  C8H17-COOH,  and  as  this  acid  contains 
only  one  carbon  atom  less  than  camphoric  acid  itself,  it  would  be  most 
interesting  if  its  constitution  could  be  elucidated.  The  only  acids  of 
this  formula  which  appear  to  have  been  prepared  are. 

Nonylic  acid  (pelargonic  acid),  CH3[CH2]7-  COOH ...     b.  p.  253—254°. 

iso-Nonylic  acid,  CH3-  [CH2]5-  CH(CH3)- COOH b.  p.      246°. 

Heptylaceticacid,CH3-[CH2]4-CH(CH3)-CH2-COOH    b.  p.      232°. 

but  these  are  obviously  not  identical  with  our  acid. 

With  the  small  amount  of  material  at  our  disposal,  we  experimented 
on  the  action  of  oxidising  agents  on  the  acid,  and  obtained,  with  chromic 
acid,  an  acid  which  showed  all  the  properties  of  a-methylglutaric  acid, 
but  which  we  did  not  obtain  in  quantity  sufiicient  for  analysis.  Un- 
fortunately, in  spite  of  numerous  experiments,  no  further  clue  to  the 
constitution  of  this  acid  could  be  obtained,  and  we  can  only  suggest 
that  its  constitution  may  possibly  be  expressed  by  the  formula 

CH(CH3)2-  CH2-  CH2-  CH2-  CH(CH3)-COOH, 

or  by  some  formula  closely  allied  to  this. 

Isopropylsuccinic   Acid    (Pimelic   Acid), 
CH(CH3)2-  CH(COOH)-CH2-  COOH. 

It  was  explained  on  p.  11  that  856  grams  of  oil  (A  and  B)  was 
extracted  from  the  residues  obtained  after  the  volatile  acids  formed 
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during  the  fusion  of  camphoric  acid  with  caustic  potash  had  been  distilled 
off  with  steam.  The  whole  of  this,  in  quantities  of  50  grams  at  a  time, 
was  heated  with  acetyl  chloride  (100  grams)  for  2  hours  in  a  reflux 
apparatus,  the  acetyl  chloride  distilled  off,  and  the  residue  fraction- 
ated under  a  pressure  of  46  mm. ;  it  began  to  boil  at  150°,  but 
very  little  passed  over  below  160°,  then  the  thermometer  remained 
constant  for  a  long  time,  about  60  per  cent,  of  the  whole  passing  over 
between  160°  and  170°  ;  the  temperature  then  rose  rapidly,  the  remain- 
ing liquid  distilling  between  185°  and  230°.  The  fraction  160 — 170°, 
on  redistillation,  yielded  a  very  large  quantity  of  a  colourless  oil  boiling 
constantly  at  164°  (45  mm.) ;  this,  on  analysis  and  subsequent 
examination,  was  found  to  consist  of  pure  isopropylsuccinic  anhydride. 

0-0974  gave  0-2105  C02  and  0-0618  H2O.     C  =  58'95  ;  H  =  7 '04. 
C7H10O3  requires  C  =  59-15  ;  H  =  7'04  per  cent. 

A  portion  of  this  anhydride  was  converted  into  the  acid  by  dissolv- 
ing it  in  caustic  soda,  acidifying,  and  extracting  with  ether,  &c.,  when  it 
solidified  completely  on  cooling,  and  after  crystallisation  from  benzene, 
melted  at  about  115—116°. 

0-1192  gave  0-2288  C02  and  0-0804  H2O.     0  =  52-34;  H  =  7'49. 
C7H1204  requires  0  =  52-50  ;  H  =  7'50  per  cent. 

Tiemann  (Ber.,  1895,  28,  2152)  states  that  pimelic  acid  (isopropyl- 
succinic acid)  may  be  obtained,  melting  sharply  at  118°,  by  pre- 
cipitating its  chloroform  solution  with  light  petroleum,  but  we  were 
not  able  to  confirm  this ;  the  melting  point  was  never  sharp,  and  this 
is  accounted  for  by  the  fact  that,  at  its  melting  point,  pimelic  acid  is 
slowly  converted  into  its  oily  anhydride.  With  the  large  quantities 
of  pimelic  acid  at  our  disposal,  we  have,  when  using  benzene  as  a 
solvent,  repeatedly  obtained  crystals  nearly  an  inch  in  length. 

Dihydrocamphoric  Acid,  010H18O4. 

As  mentioned  in  the  preceding  section,  an  oil  was  obtained  boiling  at 
185 — 230°  (45  mm.)  ;  this  fraction  weighed  about  70  grams,  and  its 
investigation  has  given  very  interesting  results.  The  whole  was  boiled 
in  a  reflux  apparatus  with  excess  of  caustic  soda  solution,  when  it  was 
noticed  thac  a  small  quantity  of  an  oil,  smelling  strongly  of  pepper- 
mint, did  not  dissolve ;  this  neutral  oil,  which  may  be  provisionally 
called  A,  was  removed  by  means  of  ether,  and  will  be  described  later 
on  in  detail ;  in  its  crude  state,  it  weighed  8  grams.  The  alkaline 
solution,  when  acidified  with  sulphuric  acid,  extracted  with  ether,  &c., 
yielded  74  grams  of  a  viscid  oil.  This  was  dissolved  in  a  slight  excess 
of  ammonia,  and  the  solution  boiled  with  excess  of  a  strong  solution 
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of  calcium  chloride,  when  a  large  quantity  of  the  sparingly  soluble 
calcium  pimelate  was  precipitated ;  the  acid  obtained  from  this,  after 
purification,  melted  at  about  115 — 116°,  and  consisted  of  pimelic  acid 
as  the  results  of  the  analysis  show. 

0-1240  gave  0-2380  C02  and  0-0849  H20.     0  =  52-26;  11  =  7-61. 
C7H1204  requires  C  =  52-50  ;  H  =  7'50  per  cent. 

The  solution  of  the  ammonium  salt  thus  completely  freed  from  pimelic 
acid  was  acidified  with  sulphuric  acid,  extracted  with  ether,  &c.,  when 
47  grams  of  a  nearly  colourless  oil  was  obtained,  from  which,  however, 
only  very  small  quantities  of  solid  matter  separated  on  standing.  The 
whole  was  accordingly  again  dissolved  in  a  slight  excess  of  ammonia  and 
the  solution  mixed  with  excess  of  zinc  chloride,  when  an  immediate 
and  copious  precipitate  was  formed ;  this  was  collected,  and  the 
filtrate  heated  to  boiling,  when  a  further  quantity  of  a  zinc  salt 
separated.  The  free  acids  obtained  from  these  zinc  salts  weighed 
7  grams  and  6  grams  respectively  ;  they  were  light  coloured  oils 
which  solidified  partially  after  long  standing.  The  acid  recovered 
in  the  usual  way  from  the  filtrate  from  the  zinc  salts  weighed  28  grams, 
and  when  heated  again  in  exactly  the  same  manner  with  calcium 
chloride  and  zinc  chloride,  it  yielded  no  calcium  salt,  although 
appreciable  quantities  of  the  zinc  salts  were  obtained. 

All  the  semi-solid  residues  of  the  acids  obtained  by  decomposing  the 
zinc  salts  were  spread  on  porous  porcelain  until  the  oily  mother  liquor 
had  been  completely  absorbed,  when  an  almost  colourless  acid  was  ob- 
tained, which,  after  crystallisation  from  water,  melted  sharply  at  105°. 

Tiemann  (Ber.,  1895,  28,  2153),  by  a  similar  process,  obtained  an 
acid  melting  at  140°  from  the  acids  formed  in  his  experiments  on  the 
fusion  of  camphoric  acid  with  caustic  potash ;  this  he  found  to  be  a 
mixture  of  ordinary  d-camphoric  acid  and  d-  ciglmns-camphoric  acid. 
In  our  experiments,  although  we  were  unable  to  isolate  an  acid  melting 
at  140°,  it  seemed  possible  that  the  acid  of  melting  point  105°  might  still 
be  a  mixture  of  the  two  camphoric  acids  present  in  molecular  proportions 
differing  from  those  of  Tiemann' s  substance,  and  in  order  to  test  this 
assumption,  we  treated  the  acid  of  melting  point  105°  by  the  method 
recommended  by  Aschan  (Ber.t  1894,  27,  2003)  for  separating  these 
isomeric  camphoric  acids. 

The  acid  (5  grams)  was  treated  in  the  cold  with  acetyl  chloride  (18 
grams),  the  excess  of  chloride  removed  by  aspirating  dry  air  through 
the  product,  and  the  solid  residue  treated  in  the  cold  with  dilute 
soda.  If  the  original  acid  had  been  a  mixture  of  c?-camphoric  acid 
and  d-  ci'stfraws-camphoric  acid,  the  former  would  have  been  converted 
into  camphoric  anhydride  by  the  acetyl  chloride,  whereas  the  latter 
would  have  remained  unattacked  ;  on  subsequently  treating  the  product 
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with  cold  soda,  the  camphoric  anhydride  would  have  remained  undis- 
solved.  Our  product,  however,  dissolved  readily  and  completely,  and  on 
acidifying  the  alkaline  solution  with  hydrochloric  acid  and  extracting 
with  ether,  the  acid  melting  at  105°  was  recovered.  It  cannot,  there- 
fore, be  a  mixture  of  isomeric  camphoric  acids. 

This  is  an  important  experiment,  as  the  analysis  of  the  new  acid 
shows  that  it  differs  from  camphoric  acid  only  in  containing  two 
additional  hydrogen  atoms,  and  we  therefore  propose  to  name  it  di- 
hydrocamphoric  acid.  The  following  were  the  numbers  found  on  analysis. 

[    0-1316  gave  0-2874  C02  and  0-1033  H20.     C  =  59-56;  H  =  8*73. 
0-1184     „     0-2574  C02    „    0-0940  H20.     0  =  59-30;  H  =  8-78. 
0-1025     „     0-2230  C02    „    0-0817  H2O.     0  =  59-41 ;  H  =  8-84. 
C10H18O4  requires  0  =  59-40  ;  H  =  8*91  per  cent. 

This  beautiful  acid,  when  pure,  melts  at  105 — 106°;  it  is  sparingly 
soluble  in  cold  water,  readily  in  boiling  water,  and  usually  separates  on 
cooling  as  an  oil  which,  however,  rapidly  solidifies.  It  is  readily 
soluble  in  alcohol,  benzene,  ethylic  acetate,  chloroform,  and  hot  light 
petroleum,  also  in  hot  dilute  formic  acid  (sp.  gr.  1  -06),  separating  from 
the  latter  on  cooling,  especially  if  the  liquid  is  vigorously  stirred,  almost 
completely  in  curious  nodular  masses ;  formic  acid  of  this  strength  is 
undoubtedly  the  best  solvent  from  which  to  crystallise  the  acid,  as  its 
separation  in  the  form  of  an  oil  is  thus  avoided. 

Dihydrocamphoric  acid  is  inactive  ;  1*2747  grams  dissolved  in  55  c.c. 
of  alcohol  gave  no  rotation  in  a  2  dcm.  tube  of  a  Laurent's  polarimeter. 
The  dissociation  constant  for  the  electric  conductivity  of  dihydrocam- 
phoric  acid  was  found  by  Dr.  Ewan  to  be  K  =  0*00415;  this  value  is 
about  the  same  as  that  of  aaj-dimethyladipic  acid, 

COOH-CH(CH3)-CH2-CH2-CH(CH3)-COOH 

(K  =  0-0042),  and  nearly  twice  as  large  as  that  of  camphoric  acid 
(K  =  0-0025). 

Salts  of  Dihydrocamphoric  Acid.— The  silver  salt,  C8H16(COOAg)2, 
which  was  prepared  by  precipitating  a  warm,  slightly  alkaline  solution 
of  the  ammonium  salt  with  silver  nitrate,  is  an  amorphous,  very  in- 
soluble precipitate  which,  after  washing  with  water  and  drying,  gave  the 
following  results  on-  analysis. 

0-1132  gave  0-1210  C02,  0-0412  H20  and  0-0583  Ag.  0  =  29-15; 
H  =  4-05;  Ag  =  51-50. 

Additional  silver  determinations  gave  Ag  =  51'74,  51*63,  51*82. 
C8Hlc(COOAg)2  requires  C  =  28'85;  H  =  3'85;  Ag  =  51-92  per  cent. 
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Oxidation  of  Dihydrocamphoric  Acid. 

Dihydrocamphoric  acid  is  only  very  slowly  attacked  by  oxidising 
agents,  and  even  after  boiling  with  nitric  acid  for  some  time  a  con- 
siderable quantity  of  the  acid  may  be  recovered  unchanged ;  potassium 
permanganate,  moreover,  is  not  decolorised  by  a  cold  solution  of  the  acid 
in  sodium  carbonate  even  after  half  an  hour.  In  order,  if  possible,  to 
obtain  some  clue  to  the  constitution  of  the  acid,  2  grams  were  dissolved 
in  dilute  soda  solution  (containing  1  gram  NaOH),  a  solution  of  4 
grams  of  permanganate  added,  the  whole  diluted  to  250  c.c.,  and 
left  for  four  weeks  at  the  ordinary  temperature,  the  procedure  being 
exactly  similar  to  that  described  by  Ealbiano  (JBer.,  1892,  25,  640) 
in  his  experiments  on  the  oxidation  of  camphoric  acid  to  the  acid 

PcHiA- 

Oxidation  took  place  very  slowly,  but  at  the  end  of  four  weeks  nearly 

the  whole  of  the  permanganate  had  been  decolorised ;  the  last  traces 
were  destroyed  by  sodium  hydrogen  sulphite,  and  the  whole  was  then 
heated  to  boiling,  filtered,  concentrated,  acidified,  and  extracted  with 
ether  after  saturation  with  ammonium  sulphate.  The  residue 
obtained  on  distilling  off  the  ether  weighed  nearly  2  grams,  smelt 
strongly  of  acetic  acid,  and,  on  standing,  deposited  crystals  which  were 
found  to  consist  of  unchanged  dihydrocamphoric  acid.  The  precipitate, 
extracted  with  ether  in  a  Soxhlet  apparatus,  yielded  a  small  quantity 
of  a  viscid  oil  which  appeared  to  contain  a  ketonic  acid,  since  its 
solution  in  potash  gave  an  immediate  precipitate  of  bromoform  with 
bromine  ;  unfortunately,  this  oil  did  not  give  a  characteristic  semi- 
carbazide  or  hydrazone,  and  its  nature  therefore  could  not  be  as- 
certained. 

In  order,  if  possible,  to  be  in  a  position  to  carry  out  this  experiment 
with  larger  quantities  of  dihydrocamphoric  acid,  we  endeavoured  to 
prepare  it  by  fusing  camphoric  acid  with  potash  in  the  presence  of 
zinc  dust,  but  although  the  conditions  were  varied  greatly,  we  did 
not  succeed  in  obtaining  even  a  trace  of  the  acid  in  this  way. 

Anhydride  of  Dihydrocamphoric  Acid  and  Formation  of 
Dihydrocamphoketone,  C9H16O. 

When  dihydrocamphoric  acid  is  rapidly  heated  in  small  quantities 
in  a  test  tube,  the  greater  portion  sublimes  unchanged,  but  the  anhy- 
dride may  be  readily  obtained  by  heating  the  pure  acid  (2  grams) 
with  pure  acetic  anhydride  (8  grams)  in  a  reflux  apparatus  for  about 
15  minutes,  and  exposing  the  clear  solution  in  a  vacuum  desiccator  over 
solid  potash  and  sulphuric  acid  for  about  14  days  until  the  odour  of 
acetic  anhydride  has  entirely  disappeared.  The  gummy  residue, 


ACID   BY   FUSION   WITH   POTASH   OR  SODA.  27 

which  could  not  be  made  to  crystallise,  gave,  results  on  analysis 
which  agree  approximately  with  those  required  for  dihydrocamphoric 
anhydride. 

0-1530  gave  0-3629  C02  and  0-1194  H20.     0  =  64-70;  H  =  8'66. 

0-1379     „     0-3271  C02   „    0-1073  H20.     0  =  64-61 ;  H  =  8'64. 

C10H16O3  requires  0  =  65-22  ;  H  =  8'69  per  cent. 

This  anhydride  is  only  very  slowly  attacked  by  boiling  water,  but  it 
dissolves  in  boiling  potash  solution,  and,  on  acidifying  the  well-cooled 
alkaline  solution,  dihydrocamphoric  acid  is  precipitated  as  an  oil 
which  rapidly  solidifies,  and  then  melts  at  103 — 104°. 

When  heated  to  boiling  at  the  ordinary  pressure,  the  anhydride 
undergoes  a  very  remarkable  decomposition,  carbonic  anhydride  being 
eliminated,  and  a  new  ketone,  C9H16O,  which  we  have  called  dihydro- 
camphoketone,  formed, 

C10H1608  =  C9H160  +  C02. 

In  order  to  prepare  this  ketone  in  quantity  sufficient  for  investigation, 
the  anhydride  obtained  from  5  grams  of  dihydrocamphoric  acid  was 
heated  to  boiling  in  a  small  reflux  apparatus  for  a  few  minutes,  until 
carbon  dioxide  ceased  to  be  evolved,  and  the  residue  was  then  distilled 
over  completely.  The  distillate,  which  had  a  very  penetrating  odour 
of  peppermint,  was  warmed  with  dilute  potash  solution  for  some  time, 
and  the  insoluble  oily  ketone  removed  by  means  of  ether ;  the  alkaline 
solution,  when  acidified  and  extracted  with  ether  in  the  usual  way, 
yielded  a  small  quantity  (0-7  gram)  of  dihydrocamphoric  acid,  which 
had  escaped  decomposition. 

The  ethereal  solution  of  the  ketone  after  being  washed  with  water, 
dried,  and  the  ether  distilled  off,  left  nearly  4  grams  of  a  residue,  which 
on  twice  fractioning  distilled  almost  constantly  at  180 — 181°  and 
gave  the  following  numbers  on  analysis. 

0-1336  gave  0-3761  C02  and  0-1343  H20.     0  =  76-72;  H  =  11-15. 

0-1069     „     0-3025  C02    „    0-1099  H2O.     C  =  77'17;  H  =  ll-42. 

C9H160  requires  0  =  77-14;  H  =  ll-43  per  cent. 

Dihydrocamphoketpne  is  a  volatile  liquid  having  a  very  pronounced 
odour  of  peppermint ;  it  combines  readily  with  phenylhydrazine, 
hydroxylamine,  and  semicarbazide,  the  seinicarbazone  being  the  most 
characteristic  derivative. 

Dihydrocamphoketone  semicarbazone  was  prepared  by  mixing  the  pure 
ketone  with  an  excess  of  a  saturated  solution  of  semicarbazide  hydro- 
chloride,  and  adding  a  strong  solution  of  L  sodium  acetate  and  enough 
alcohol  to  make  a  clear  solution ;  the  liquid  was  then  heated  at  80° 
for  15  minutes  and  left  overnight  in  the  ice  chest,  when  the  semi- 
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carbazone  separated  almost  completely  in  colourless  needles.  These, 
after  being  drained  on  a  porous  plate,  washed  with  water  and  re- 
crystallised  from  alcohol,  were  obtained  as  a  white,  sandy  powder. 

0-1231  gave  0-2728  C02  and  0-1122  H20.     0  =  6044;  H  =  10-07. 
0-1530     „      27-8  c.c.  moist  nitrogen  at  17°  and  758  mm.  N  =  21*04. 
C8H16:C:N-NH-CO-NH2  requires  0  =  60-91  ;  H  =  9'65  ;  N-21'32  %. 

The  semicarbazone  of  dihydrocamphoketone,  when  moderately  rapidly 
heated,  melts  at  202 — 203°,  with  incipient  decomposition ;  it  is  almost 
insoluble  in  water  and  cold  alcohol,  and  only  sparingly  soluble  in  boil- 
ing alcohol,  so  that  it  is  necessary  to  use  considerable  quantities  of 
this  solvent  in  recrystallising  it. 

Dihydrocamphoketoxime,  08H1(J!CINOH. — In  order  to  prepare  this, 
the  pure  ketone  (2  grams)  was  dissolved  in  methylic  alcohol,  a  con- 
centrated aqueous  solution  of  hydroxylamine  hydrochloride  (2-5  grams) 
added,  and  then  a  solution  of  potash  (5  grams)  in  methylic  alcohol. 
After  two  days,  the  methylic  alcohol  was  removed  by  gently  heating  on 
the  water  bath,  and  the  residue  was  diluted,  acidified,  and  extracted  with 
ether;  this,  after  being  washed  and  dried,  left  an  oily  residue,  which,  even 
after  being  kept  for  six  days  in  a  vacuum  desiccator  over  sulphuric  acid 
at  0°,  did  not  show  any  signs  of  solidifying.  It  was  analysed,  with  the 
following  result. 

0-1471  gave  12'5  c.c.  moist  nitrogen  at  16°  and  760  mm.     N  =  9'90. 
C8H16:c:NOH  requires  N  =  9'03  per  cent. 

Although  these  numbers  do  not  agree  so  closely  as  might  be  desired, 
there  can  be  no  doubt  that  the  substance  is  the  oxime  of  dihydro- 
camphoketone, and  many  experiments  were  made  (in  the  hope  of  being 
able  to  ascertain  the  constitution  of  the  ketone)  on  the  action  of 
acetyl  chloride  and  of  sulphuric  acid  on  the  oxime,  following  Beckmann's 
directions,  but  without  result.  When  mixed  with  acetyl  chloride,  a 
most  violent  action  takes  place  spontaneously  with  formation  of  an 
intensely  deep  crimson  sticky  mass,  from  which  nothing  definite  could 
be  isolated. 

It  was  stated  on  page  23  that  8  grams  of  a  neutral  pungent  oil, 
called  A,  were  obtained  when  the  fractions  of  the  acids  distilling 
between  185  and  230°  (at  45  mm.)  was  treated  with  potash;  on  dis- 
tillation, rather  more  than  half  of  this  passed  over  between  175°  and 
195°  leaving,  however,  a  considerable  quantity  of  a  dark  brown  residue 
of  very  high  boiling  point  which  was  not  further  examined.  The 
portion  which  distilled  between  175°  and  195°,  on  twice  refractionating, 
yielded  nearly  3  grams  of  a  limpid  oil  boiling  at  179 — 181°  and  smelling 
strongly  of  peppermint. 


ACID    BY   FUSION    WITH   POTASH   OR   SODA.  29 

0-1611  gave  0-4538  C02  and  0-1660  H20.     0  =  76-82;  H  =  11'46. 

0-1449     „     0-4078  C02    „    0-1465  H20.     0  =  76-69 ;  H  =  11'25. 

C0H160  requires  C-77'14;  H=  11-43  per  cent. 

On  careful  examination,  and  especially  by  the  preparation  of  the  semi- 
carbazone  melting  at  202 — 203°,  it  was  soon  found  that  this  oil  was 
dihydrocamphoketone,  and  its  formation  in  the  manner  explained  is 
no  doubt  due  to  the  partial  decomposition  of  some  of  the  anhydride  of 
dihydrocamphoric  acid,  which  must  be  present  in  the  fraction  of  the 
anhydrides  boiling  at  about  180 — 230°  (45  mm.). 

Oxidation  of  Dihydrocamphoketone. 

This  experiment  was  carried  out  as  follows.  About  50  c.c.  of 
dilute  nitric  acid  (sp.  gr.  1-15)  was  heated  to  boiling  in  a  flask  into 
the  neck  of  which  a  condenser  had  been  ground,  the  flask  was  then 
removed  from  the  sand'  bath  and  5  grams  of  the  pure  ketone  added 
drop  by  drop  through  the  condenser  tube,  when  oxidation  took  place 
so  vigorously  that  the  liquid  was  kept  boiling  without  external 
application  of  heat.  When  all  the  ketone  had  been  added,  the  mix- 
ture was  kept  boiling  for  about  half  an  hour,  and  then  evaporated  on 
a  water  bath,  the  residue  being  treated  repeatedly  with  water  to 
ensure  the  removal  of  all  but  the  last  traces  of  the  nitric  acid. 
Finally,  the  residue,  which  on  standing  overnight  had  deposited 
crystals,  was  dissolved  in  water,  made  slightly  alkaline  with  ammonia, 
and  boiled  with  an  excess  of  calcium  chloride  solution.  The  filtrate 
from  the  precipitate  of  calcium  oxalate  thus  formed  was  acidified,  and 
the  solution,  after  being  saturated  with  ammonium  sulphate,  was 
extracted  25  times  with  pure  ether.  The  ethereal  solution,  dried 
by  calcium  chloride  and  evaporated  to  a  small  bulk,  was  left  for 
some  days  in  a  closed  vessel  at  0°,  when  crystals  of  succinic  acid 
melting  at  183°  separated. 

0-1278  gave  0-1914  002  and  0-0590  H20.     0  =  40-82  ;  H  =  5'12. 
COOH-CH2-CH2-COOH  requires  0  =  40-68;  H  =  5'10  per  cent. 

The  ethereal  filtrate  from  the  succinic  acid  was  evaporated  to  dry- 
ness  and  the  syrupy  residue  (2-6  grams),  which  did  not  crystallise  even 
on  long  standing,  was  heated  with  excess  of  acetic  anhydride  for  1  hour. 
The  acetic  anhydride  was  then  very  slowly  distilled  off  and  the  residue 
fractionated  under  reduced  pressure,  when  nearly  2  grams  passed 
over  at  160 — 170°  (35  mm.)  as  a  moderately  thick  oil,  which  was 
insoluble  in  water,  but  dissolved  slowly  in  hot  potash  solution  :  that 
is,  it  had  the  properties  of  an  anhydride.  The  whole  was  now 
dissolved  in  a  little  pure  benzene,  the  solution  mixed  with  aniline 
(2  grams),  and  kept  at  0°  for  7  days  in  a  closed  vessel.  The  crystals 
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which  had  separated,  after  being  left  in  contact  with  porous  porcelain 
until  quite  colourless,  were  crystallised  from  dilute  alcohol,  by  which 
means  a  substance  melting  at  159°  was  obtained. 

0-0720  gave  3'5  c.c.  moist  nitrogen  at  17°  and  754  mm.     N  =  5'60. 
COOH-C6H12-CO-NH-C6H5  requires  N  =  5-62  per  cent. 

This  anilic  acid  was  heated  for  1  hour  in  a  sealed  tube  at  140°  with 
5  c.c.  of  a  solution  of  hydrogen  chloride  in  glacial  acetic  acid,  and 
the  product,  after  being  allowed  to  evaporate  to  dryness  over  potash 
in  a  vacuum  desiccator,  was  dissolved  in  a  little  water,  saturated 
with  ammonium  sulphate,  and  extracted  with  ether  in  the  usual  way. 
The  oil  thus  obtained  rapidly  and  completely  solidified,  and  on  dis- 
solving it  in  a  few  drops  of  water,  saturating  with  hydrogen  chloride, 
and  allowing  it  to  stand,  it  deposited  colourless  crystals ;  these  were 
drained  on  porous  porcelain  and  dried  over  potash  in  a  desiccator, 
when  they  melted  at  94°. 

0-0875  gave  0-1760  CO2  and  0-0661  H2O.     0  =  54-85  ;  H  =  8'39. 
C8H1404  requires  C  =  55-18  ;  H  =  8-04  per  cent. 

The  properties  of  this  acid  point  to  its  being  identical  with  the 
trimethylglutaric  acid,  COOH-CH(CH3)-C(CH3)2-CH2-COOH,  which 
Balbiano  (Ber.,  1895,  28,  1507)  obtained  from  camphoric  acid,  as  this 
acid  melts  at  94 — 95°  and  gives  an  anilic  acid  melting  at  158 — 159°. 
Unfortunately,  the  quantity  of  our  pure  acid  was  not  sufficient  to 
allow  of  its  being  converted  into  the  anhydride,  as  the  melting  point 
of  this  would  have  conclusively  settled  the  question  of  the  identity  of 
the  two  acids. 

FUSION  OF  CAMPHORIC  ACID  WITH  CAUSTIC  SODA. 

In  these  experiments,  4  kilos,  of  camphoric  acid  were  fused  in  quan- 
tities of  500  grams,  with  about  eight  times  its  weight  of  caustic  soda,  in  a 
precisely  similar  manner  and  in  the  same  apparatus  as  was  used  in  the 
potash  experiments.  The  slight  differences  in  behaviour  observed 
during  the  operation  were  the  following. 

1st.  The  action  was  apparently  much  more  vigorous,  and  great 
care  had  to  be  taken  in  order  to  prevent  the  melt  from  frothing 
over. 

2nd.  The  odour  of  menthol  mentioned  in  the  case  of  the  caustic  potash 
fusions  was  much  more  pronounced  in  this  case. 

3rd.  The  colour  of  the  cold  melt  was  pale  brown. 

4th.  The  whole  operation  lasted  a  somewhat  shorter  time,  namely, 
from  2  J — 3  hours,  instead  of  from  3 — 3 J,  as  in  the  case  of  the  fusion 
with  potash. 

Working  up  of  the  Product. — The  process  was  carried  out  exactly  as 
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described  in  the  case  of  the  potash  melts  (p.  11).  The  following 
numbers  are  of  importance,  as  showing  roughly  the  difference  in  be- 
haviour of  camphoric  acid  when  fused  with  soda  as  compared  with  its 
behaviour  with  potash. 

The  weight  of  the  sodium  salts  obtained  by  neutralisation  and  sub- 
sequent evaporation  of  the  distillate  from  the  steam  distillation  was 
If  kilos,  (potash  melts  4  kilos.),  and  the  weight  of  free  fatty  acids 
obtained  from  the  salts  was  715  grams  (potash  melts  2'3  kilos.). 

Volatile  Acids  formed  during  the  Fusion  of  Camphoric  Acid  with  Soda. 
After  a  first  rough  fractionation  giving  the  following  numbers, 

Fraction.  "Weight  in  grams. 
50—100°  71 

100—125  13 

125—135  10 

135—150  207 

above  150  360 

the  acids  were  dried  over  anhydrous  sodium  sulphate  and  frequently 
distilled,  the  process  of  drying  being  repeated  after  each  distillation. 
The  final  numbers  obtained  were 

Fraction.  Weight  in  grams. 

50—100°  7 

100—125  20 

125—135  13 

135—150  147 

above  150  383 

A  few  drops  of  the  fraction  100 — 125°,  when  warmed  with  concen- 
trated sulphuric  acid,  gave  off  a  gas  which  burnt  in  air,  and  was 
probably  carbon  monoxide,  produced  by  the  decomposition  of  formic 
acid  ;  but  the  amount  was  small. 

The  acids  boiling  above  150°  yielded  the  following  fractions. 


Fraction.             Weight  in  grams.                Fraction.             Weight  in  grams. 

below  150° 

1 

200—210° 

33 

150—160 

1 

210—220 

42 

160—170 

16 

220—230 

46 

170—180 

38 

230—240 

71 

180—190 

51 

above  240 

52 

190—200 

35 

From  the  higher  fractions,  a  small  amount  of  solid  matter  separated 
which,  from  a  determination  of  its  melting  point,  was  proved  to  be 


32     CROSSLEY   AND   PERKIN  I  DECOMPOSITION    OF    CAMPHORIC 


pimelic  («'so-propylsuccinic)  acid.  In  order  to  remove  this  substance, 
the  whole  of  the  acids  boiling  above  150°  were  dissolved  in  ammonia, 
and  subjected  to  steam  distillation  exactly  in  the  same  way  as  described 
in  the  purification  of  the  acids  from  the  potash  melts  (p.  13). 

The  accompanying  table  gives  the  results  obtained  after  this  treat- 
ment. 


Fraction. 

Weight  in  grams  of 
acids  before  separation 
process  was  applied. 

Weight  in  grams  of 
acids  after  separation 
process  was  applied. 

Weight  in  grams  of 
oil  got  from  the 
residual  ammonium 
salts  after  steam 

distillation. 

150—160° 

1 

5 

160—170 

16 

18 

I                on 

170—180 

38 

28 

I                2° 

180—190 

51 

16 

10 

190—200 

35 

29 

200—210 

33 

28 

210—220 

42 

21 

22 

220—230 

46 

30 

230—240 

71 

68 

I                 u 

above  240 

52 

13 

/ 

The  difference  in  the  weights  of  the  fractions  of  the  fatty  acids  obtained 
from  the  potash  and  soda  melts  respectively  is  so  marked  that,  for  the 
sake  of  comparison,  the  following  data  are  here  inserted,  the  numbers 
given  being  the  weights  obtained  after  the  distillation  of  the  ammonium 
salts  in  steam.  For  this  purpose,  the  weights  have  been  put  in  per- 
centages, calculated  on  the  camphoric  acid  used,  this  being  necessary 
owing  to  the  fact  that  less  camphoric  acid  was  used  in  the  soda  than 
in  the  potash  fusions  ;  the  most  noticeable  differences  in  the  acids  from 
the  two  melts  are, 

1st.  The  large  amounts  of  the  lower  fractions  in  the  potash  melts 
as  compared  with  the  very  small  amounts  of  these  fractions  in  the  soda 
melts. 

2nd.  The  comparatively  large  amount  of  the  higher  fractions,  and  in 
particular  of  the  fraction  230 — 240°,  in  the  "  caustic  soda  "  acids  (see 
vtable,  p.  33). 

Residue  from  the  Steam  Distillation. — These  residues  were  worked 
up  as  already  described  in  the  case  of  the  potash  melts  (see  p.  11). 
When  the  "  crystalline  residue  from  partial  evaporation "  was  dis- 
solved in  acid,  a  thick,  black  scum  (A)  formed  on  the  surface,  which 
was  separated  by  nitration  ;  it  weighed  185  grams.  On  extracting 
the  nitrate  with  ether,  167  grams  of  a  nearly  colourless  oil  (B)  wag 
obtained. 
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Caustic  Potash. 

Caustic  Soda. 

Fraction. 

Percentage  weight  in 
grams  after  separation 
by  means  of  ammonia. 

Percentage  weight  in 
grams  after  separation 
by  means  of  ammonia. 

50—100° 

o-oo 

0-17 

100—125 

14-02 

0-50 

125—135 

6-60 

0-30 

135—150 

570 

370 

150—160 

0-62 

o-io 

160—170 

0-50 

0'40 

179—180 

0-50 

070 

180—190 

070 

0'40 

190—200 

0-40 

070 

200—210 

0-86 

070 

210—220 

0-60 

0-50 

220—230 

1-08 

070 

230—240 

0-40 

170 

above  240 

0-12 

0-30 

The  "  residue  from  complete  evaporation "   gave    348  grams  of  a 
colourless  oil  (C). 

Volatile  Acids  Formed  in  the  Fusion  of  Camphoric  Acid  with  Soda. 


The  Fraction  100 — 125°  contains  Acetic  Acid,  CH3-COOH. — The 
fractions  100 — 125°  and  125 — 135°  were  dried  in  contact  with  con- 
centrated sulphuric  acid  and  refractionated  in  order  to  see  whether  any 
acetic  acid  could  be  obtained.  After  repeated  distillation,  during 
which  most  of  the  already  small  fractions  passed  over  either  below 
100°  or  above  135°,  2'5  grams  boiling  between  116—120°  were  col- 
lected. On  converting  this  liquid  into  the  anilide,  the  product  was 
proved  to  be  acetanilide  from  its  melting  point  and  crystalline 
appearance. 

The  Fraction  135 — 150°  contains  Propionic  Acid,  CH3-CH2'COQH.— 
After  repeated  very  careful  fractionation  with  a  column,  an  acid  was 
isolated  which  distilled  constantly  at  140°,  and  was  evidently  propionic 
acid. 

0-1530  gave  0-2731  C02  and  0-1156  H20.     C  =  48'62;  H  =  8'36. 
C3H6O2  requires  C  =  48-64 ;  H  =  8'10  per  cent. 

The  anilide  of  this  acid  was  prepared  by  heating  it  with  aniline  and 
recrystallising  the  product  from  light  petroleum  (b.  p.  100 — 120°) ;  the 
white  plates  thus  obtained  were  almost  insoluble  in  water,  more  soluble 
in  light  petroleum,  and  very  soluble  in  alcohol  and  ether.  Th© 
substance  melted  at  103—104°. 


34      CROSSLEY    AND   PERKIN  :   DECOMPOSITION   OF   CAMPHORIC 

0-2072  gave  16-8  c.c.  moist  nitrogen  at  15°  and  768  mm.     N  =  9'59. 
C9HnNO  requires  N  =  9-39  per  cent. 

The  melting  point  of  propionanilide  as  given  by  Sestini  (Zeit- 
schriftfurChemie,  1871,  35)  is  92°,  and  by  Kelbe  (Ber.,  1883,  16,  1200) 
as  105°.  A  specimen  of  the  anilide  which  we  prepared  from  pure  pro- 
pionic  acid  and  pure  aniline  melted  at  103 — 104°,  and  was  identical 
with  the  anilide  obtained  by  us  as  described  above. 

The  Fraction  150—160°  contains  Isobutyric  Acid,  CH(CH3)2-COOH. 
After  repeated  fractionation  of  all  the  acids  boiling  between  150 — 180°, 
it  was  found  that  the  greater  portion  passed  over  between  150°  and 
160°  (30  grams).  Of  this  amount,  all  boiling  between  153 — 157°  was 
collected  separately,  and  a  portion  boiling  at  155°  submitted  to 
analysis,  when  numbers  were  obtained  which  indicated  that  the  acid 
was  iso-butyric  acid,  a  result  confirmed  by  the  examination  of  its 
properties. 

0-1112  gave  0-2210  C02  and  0-0914  H20.     C  =  54'22;  H  =  9-12. 
04H802  requires  C  =  54-54;  H  =  9O9  per  cent. 

The  anilide,  prepared  from  this  acid  in  the  usual  way,  crystallised 
from  light  petroleum  (b.  p.  60 — 90°)  in  glistening,  white  needles, 
melting  at  105°. 

0-1058  gave  8  c.c.  moist  nitrogen  at  12°  and  754  mm.     N  =  8'90. 
C10H13NO  requires  N  =  8-59  per  cent. 

This  anilide  is  insoluble  in  cold  water,  but  melts  under  boiling  water 
to  an  oil  which  crystallises  on  cooling.  It  is  insoluble  in  cold  light 
petroleum  (b.  p.  60 — 90°),  but  dissolves  readily  in  chloroform,  alcohol, 
ether  and  boiling  light  petroleum. 

Norton  (Amer.  Chem.  J.,  7,  117)  describes  the  anilide  of  isobutyric 
acid  as  a  substance  easily  soluble  in  hot  water  and  melting  at  102 '5°. 
As  the  melting  point  and  solubility  in  water  of  the  anilide  of  the  acid 
boiling  at  153 — 157°  did  not  agree  with  Norton's  observations,  some 
pure  isobutyranilide  was  made  from  pure  isobutyric  acid.  It  crystal- 
lised from  light  petroleum  (b.  p.  60 — 90°)  in  colourless,  feathery 
needles  which  melted  at  105° ;  it  was  almost  insoluble  in  boiling 
water,  but  melted  to  a  colourless  oil  which  solidified  on  cooling,  and 
agreed  in  every  respect  with  the  properties  of  the  anilide  obtained 
from  the  acid  boiling  at  153 — 157°. 

The  calcium  salt  of  this  acid  was  prepared  by  boiling  the  purified  acid 
with  water  and  excess  of  calcium  carbonate ;  on  concentrating,  the 
filtrate  deposited  colourless,  glistening,  feathery  needles,  which  were 
collected,  dried  by  exposure  to  air,  and  the  water  of  crystallisation 
determined. 
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0-2012  lost  0-0518  H20  at  155°.     H2O  =  25-74. 

(C4H7O2)2Ca,4H2O  requires  H2O  =  25'17  per  cent. 
(C4H7O2)2Ca,5H2O  requires  H2O  =  29-60  per  cent. 

This  number  is  practically  identical  with  the  one  obtained  for  calcium 
isobutyrate  from  the  potash  fusions  (p.  15).  A  calcium  determina- 
tion in  the  dry  salt  was  made. 

0-1506  gave  0-0976  CaS04.     Ca=  19-05. 

(C4H7O2)2Ca  requires  Ca  =  18-69  per  cent. 

It  was  pointed  out  in  discussing  the  acids  from  the  potash  melts 
(p.  15)  that  the  fraction  150 — 170°  could,  at  the  most,  only  contain 
traces  of  normal  butyric  acid  :  and  it  is  interesting  that,  in  the  case  of 
the  acids  from  the  soda  melts,  the  same  point  is  brought  out,  as, 
although  iso-butyric  acid  was  present  in  quantity,  no  butyric  acid 
could  be  detected. 


The  Investigation  of  the  Acids  from  tlie  Soda  Melts  boiling  between 
200°  and  250°. 

This  portion  of  the  acids,  which  weighed  about  160  grams,  was  ten 
times  carefully  fractionated,  when  the  following  fractions  were  obtained. 

195—200°=   9  grams.  225—230°=    9  grams. 

200—205  =7       „  230—235  =15       „ 

205—210  =14       „  235—240  =17       „ 

210—215  =15       „  240-245  =16       „ 

215—220  =8       „  245—250  =10       „ 

220—225  =14       „  Residue      =4 

The  acids  boiling  between  205°  and  215°  were  treated  exactly  in 
the  same  way  as  described  in  the  case  of  the  acids  from  the  potash 
melts  boiling  at  200 — 220°  (p.  18),  and  an  anilide  was  obtained 
which  melted  at  105°  and  was  sparingly  soluble  in  light  petroleum ; 
on  analysis,  it  gave  the  following  results. 

0'1140  gave  6*6  c.c.  moist  nitrogen  at  13°  and  770  mm.     1ST  =  6-93. 
C6H13-CO-NH-C6H5  requires  N  =  6'83  per  cent. 

The  anilide  (8  grams)  was  decomposed  by  heating  with  hydro- 
chloric acid,  and  the  liberated  fatty  acid  fractionated,  when  nearly  the 
whole  passed  over  at  209 — 210°,  and,  on  analysis,  gave  the  following 
result. 

0-1351  gave  0-3194  CO2  and  0-1304  H20.     C  =  64-52;  H=10'73. 
C6H13-COOH  requires  C  =  64-62.     H  =  10-77  per  cent. 
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The  silver  salt,  prepared  as  usual,  was  analysed. 

0-1197,  on  ignition,  gave  0'0542  Ag.     Ag  =  45'28. 

C6H13-COOAg  requires  Ag  =  45-57  per  cent. 

It  is  therefore  clear  that  this  acid,  boiling  at  209 — 210°,  has  the 
composition  C6H13*COOH,  and  as  the  boiling  point  of  the  acid,  and 
the  melting  point  and  general  proportion  of  its  anilide,  correspond 
exactly  with  those  of  the  corresponding  acid  and  anilide  derived  from 
the  potash  melts,  there  can  scarcely  be  a  doubt  that  the  two  acids  are 
identical. 

An  examination  of  the  table  given  at  the  head  of  this  section  would 
seem  to  indicate  that  a  fatty  acid  boiling  at  225°  was  present,  but 
after  repeated  fractionation,  the  boiling  point  gradually  rose,  until 
ultimately  the  principal  fraction  came  over  at  228 — 230°.  A  small 
quantity  boiling  at  229 — 230°,  collected  for  analysis,  gave  the  follow- 
ing numbers. 

0-1340  gave  0-3272  C02  and  0-1336  H20.     0  =  66-59;  H  =  11-08. 
C7H15'COOH  requires  C  =  66-66  ;  H  =  1M1  per  cent. 

It  is  very  probable  that  this  acid  is  the  same  as  the  acid  boiling  at 
230 — 232°  from  the  potash  melts,  but  owing  to  the  absence  of 
characteristic  derivatives,  there  appears  to  be  little  chance  of  deter- 
mining either  this  point  or  the  constitution  of  the  acid. 

Much  more  satisfactory  results  were  obtained  in  examining  the 
fraction  of  the  acids  boiling  between  235°  and  250°,  and  from  this, 
on  repeated  fractionation,  a  considerable  quantity  of  an  acid  was 
isolated,  which  boiled  remarkably  constantly  at  240 — 242°  and,  on 
analysis,  gave  the  following  results. 

0-1362  gave  0-3450  C02  and  0-1260  H2O.  0- 69-01  ;  H  =  10-28. 
0-1100  „  0-2775  C02  „  0-1040  H2O.  C  =  68'73;  H  =  10-50. 
0-1232  „  0-3104  CO2  „  0-1164  H2O.  0  =  68-71  ;  H  =  10-49. 

C9H16O2  =  C8H16-COOH  requires  0  =  69-23  ;  H  =  10-25  per  cent. 

C9H1802  =  C8H17-COOH  requires  0  =  68-35  ;  H  =  1 1-38  per  cent. 

The  silver  salt,  prepared  in  the  usual  way,  and  well  washed  with 
water,  methylic  alcohol,  and  ether  was  analysed. 

0-2107  gave,  on  ignition,  0-0860  Ag.     Ag  =  40-81 

C8H15-COOAg  requires  Ag  =  41'06  per  cent. 

These  analyses  (those  of  the  acid  in  particular)  clearly  show  that  the 
acid  obtained  from  the  soda  melts  and  boiling  at  240 — 242°  is  an 
unsaturated  acid  of  the  formula  C8H16'COOH  ;  in  the  case  of  the 
potash  melts,  however,  the  acid  of  this  boiling  point,  although  con- 
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taining  traces  of  an  unsaturated  acid,  has  the  formula  C8H17'COOH, 
and  is  a  saturated  acid.  It  will,  however,  be  shown  below  that  traces 
of  the  saturated  acid,  C8H17'COOH,  are  present  in  the  unsaturated 
acid  from  the  soda  melts,  and  this  saturated  acid  is  no  doubt  identical 
with  that  obtained  from  the  potash  melts. 

The  solution  of  the  acid  C8H15'COOH  in  dilute  soda  reduces  per- 
manganate instantly  in  the  cold,  and  also  slowly  decolorises  a  solution 
of  bromine  in  chloroform.  An  attempt  was  made  to  prepare  the 
dibromo-additive  product  of  the  acid,  by  exposing  a  weighed  quantity 
to  the  action  of  dry  bromine  vapour  in  the  dark,  and  then  removing 
the  excess  of  bromine  by  allowing  the  product  to  remain  for  some 
days  over  potash  in  a  vacuum  desiccator.  It  was  found  that  0-5017 
gram  of  the  oil  had  absorbed  0"6179  gram  of  bromine,  corresponding 
with  an  increase  in  weight  of  121  per  cent.,  whereas  on  the  assumption 
that  a  dibromo-acid  of  the  formula  C8H15Br./COOH  had  been  formed 
in  this  process,  the  increase  in  weight  should  have  been  115  per  cent. 
An  analysis  of  the  crude  product  gave  the  following  result. 

0-2300  gave  0-2954  AgBr.     Br  =  54'34. 

C8H15Br2-COOH  requires  Br  =  50'63  per  cent. 

These  somewhat  high  results  are  explained  by  the  fact  that,  during 
the  bromination,  besides  addition,  a  certain  amount  of  substitution 
takes  place,  as  was  shown  by  the  formation  of  some  hydrogen  bromide 
during  the  experiment;  nevertheless,  the  results  are  interesting  as 
confirming  the  unsaturated  nature  of  the  above  acid. 

Oxidation  of  the  Acid  C8H15*COOH. — In  order  to  obtain,  if  possible, 
some  idea  of  the  constitution  of  this  acid,  its  behaviour  towards 
oxidising  agents  was  investigated,  and  a  method  was  adopted  which 
had  been  found  to  give  valuable  results  in  a  somewhat  analogous  case, 
namely,  the  oxidation  of  the  acid,  first  with  alkaline  potassium  per- 
manganate, and  then  with  potassium  dichromate  and  sulphuric 
acid. 

Eleven  grams  of  the  acid  boiling  at  239 — 243°  were  dissolved  in  dilute 
sodium  carbonate,  the  solution  mixed  with  a  large  quantity  of 
powdered  ice  in  a  circular  porcelain  pan,  and  the  whole  stirred  with 
a  turbine  until  the  temperature  had  sunk  to  0°.  A  rapid  current  of 
carbonic  anhydride  was  now  passed  in,  and  then  a  cold  saturated 
solution  of  permanganate  run  in  drop  by  drop  until  the  colour  just 
remained  permanent.  The  product  was  heated  to  boiling,  and  after 
filtering  from  the  manganese  precipitate,  both  filtrate  and  washings 
were  evaporated  to  a  small  bulk.  The  concentrated  solution  was  then 
heated  to  70°  in  a  large  flask  on  a  water  bath,  and  a  solution  of 
potassium  dichromate  in  dilute  sulphuric  acid  run  in  in  small  quantities 
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at  a  time,*  until  no  further  action  seemed  to  take  place  ;  the  whole 
was  then  saturated  with  ammonium  sulphate  and  extracted  20  times 
with  ether. 

The  ethereal  solution  on  evaporation  deposited  a  viscid,  uninviting 
greenish  oil,  which  did  not  solidify  even  on  long  standing ;  ultimately, 
however,  a  crystalline  acid  was  isolated  from  it  in  the  following  way. 
The  crude  product,  mixed  with  water,  in  which  it  only  partially 
dissolved,  was  submitted  to  distillation  with  steam  until  oily 
drops  ceased  to  come  over ;  the  residue  in  the  distilling  flask  was  then 
boiled  with  soda  to  precipitate  any  chromium  present,  filtered,  the 
filtrate  evaporated,  acidified  and  again  extracted  with  ether.  The 
ethereal  solution,  after  drying  and  evaporating,  deposited  a  thick  oil 
which,  after  being  kept  for  some  weeks  at  0°,  deposited  about  1  gram 
of  a  solid  acid,  in  the  form  of  curious  nodular  masses.  These  crystals, 
after  being  freed  from  the  oily  mother  liquor,  by  spreading  the  semi- 
solid  mass  on  porous  porcelain,  were  purified  by  reerystallisation  from 
hydrochloric  acid,  when  a  perfectly  colourless,  crystalline  acid  melting 
at  75°  was  obtained. 

0-1200  gave  0-2152  C02  and  0-0757  H2O.     0  =  48-86;  H  =  7'00. 
C6H1004  =  COOH-CH(CH3)-OH2-  CH2' COOH  requires  C  =  49'32  ; 
H  =  6-85  per  cent. 

The  remainder  of  the  acid  was  converted  into  the  anhydride  by 
heating  with  acetyl  chloride,  and  from  this  the  anilic  acid  was  prepared 
in  the  usual  way,  and  recrystallised  from  dilute  methylic  alcohol.  The 
glistening,  crystalline  mass  thus  obtained  melted  at  113 — 115°,  and 
shr  wed  all  the  properties  of  methyl glutaric  acid. 

0-1238  gave  6-5  c.c.  moist  nitrogen  at  14°  and  765  mm.     N  =  6'20. 
C12H15N03  requires  N  =  6'33  per  cent. 

From  these  results,  itappears  that  the  unsatura ted  acid,  C8H15*COOH, 
when  oxidised  in  the  manner  described  above,  yields  a-methylglutaric 
acid  as  one  of  its  decomposition  products. 

The  oily  acid  which  had  been  separated  from  the  methylglutaric 
acid  by  distillation  with  stea,m,  as  explained  above,  was  extracted 
with  ether  and  carefully  fractionated,  when  nearly  half  a  gram  passed 
over  at  238 — 244°,  very  little  product  of  a  high  or  low  boiling  point 
being  present. 

The  fraction  which  did  not  reduce  permanganate  in  the  cold   was 


0-1508  gave  0-3754  C02  and  0'1560  H2O.     0  =  67-87;  H  =  11-47. 
C8H17-COOH  requires  0  =  68'35  ;  H=  11 '39  per  cent. 

*  During  the  early  stages  of  this  oxidation,  the  odour  of  acetone  was  distinctly 
noticeable. 
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There  can  be  no  doubt  that  this  acid  is  identical  with  the  acid, 
08Hir-COOH,  obtained  from  the  potash  melts  and  boiling  at  240—242°, 
and  this  experiment  shows  that  the  unsaturated  acid,  C8H15*COOH, 
from  the  soda  melts  contains  traces  of  this  saturated  acid. 


Acids  obtained  from  the  Residues  of  the  Steam  Distillation.     Pseudo- 
camphoric  Acid,  C10H1604. 

The  first  treatment  of  the  residues  of  the  steam  distillation  from 
the  soda  melts  was  described  on  page  33,  and  in  subsequently 
working  up  the  various  products  then  obtained,  the  black  scum  A, 
weighing  185  grams,  was  first  investigated.  This  uninviting  looking 
mass  was  dissolved  in  ether,  the  ethereal  solution  washed  with  very 
dilute  hydrochloric  acid,  dried  over  calcium  chloride,  and  the  ether 
distilled  off ;  the  residue,  in  quantities  of  50  grams,  was  then  heated 
with  acetyl  chloride  (100  grams)  for  half  an  hour,  the  excess  of  the 
latter  distilled  off,  and  the  oils  thus  obtained  submitted  to  fractiona- 
tion  under  a  pressure  of  46  mm.,  when  nearly  the  whole  passed 
over  between  200°  and  210°.  This  oily  distillate,  on  being  well 
shaken  for  some  time  with  excess  of  a  dilute  solution  of  caustic 
soda,  left  a  considerable  portion  undissolved  ;  this  was  extracted  with 
ether,  and  the  ethereal  solution  dried  and  evaporated,  when  it  de- 
posited crystals  of  camphoric  anhydride,  which  after  recrystallisation 
from  alcohol  melted  at  218°. 

0-1022  gave  0-2468  C02  and  0-0718  H2O.     0  =  65-87  ;  H  =  7'80. 
C10H1403  requires  C  =  65-93  ;  H  =  7-69  per  cent. 

On  dissolving  the  anhydride  in  hot  potash  solution  and  acidifying, 
ordinary  eZ-camphoric  acid  was  deposited;  it  melted  at  183 — 184°,  and, 
in  alcoholic  solution,  had  a  rotatory  power  [a]D=  +41°. 

The  alkaline  solution  from  which  the  camphoric  anhydride  had 
been  removed  by  treatment  with  ether,  was  acidified  with  hydro- 
chloric acid  and  extracted  with  ether,  &c. ;  the  oily  product  thus 
obtained  deposited  crystals  which,  after  being  purified  by  spreading 
them  on  porous  porcelain  and  repeated  recrystallisation  from  water, 
melted  constantly  at  119 — 120°,  and  gave  the  following  results  on 
analysis. 

0-1208  gave  0-2648  C02  and  0-0890  H20.     C  =  59-77  ;  H  =  8'19. 

0-1186     „     0-2602  C02    „    0-0844  H2O.     0  =  59-84 ;  H  =  7'93, 

0-1580     „     0-3486  C02    „    0-1149  H20.     0  =  60-17 ;  H  =  8-08. 

C10H1604  requires  0  =  60-00  ;  H  =  8'00  per  cent. 

This   very  interesting  acid  is  therefore  isomeric  with   camphoric 
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acid,  and  for  this  reason  we  have  called  it  pseudocamphoric  acid. 
Pseudocamphoric  acid  is  readily  soluble  in  hot  water,  crystallising 
out,  on  cooling,  in  colourless,  six-sided  plates  with  bevelled  edges, 
usually  in  stellate  groups  ;  it  is  also  readily  soluble  in  ether,  alcohol, 
and  benzene,  but  only  sparingly  in  light  petroleum.  The  solution  of 
the  acid  in  dilute  sodium  carbonate  does  not  decolorise  permanganate 
in  the  cold,  and  even  on  boiling  oxidation  takes  place  but  very 
slowly. 

Salts  of  Pseudocamphoric  Acid. — The  silver  salt,  C8H14(COOAg)2,  is 
obtained  as  a  sparingly  soluble,  white  precipitate  on  adding  silver 
nitrate  to  a  warm,  slightly  alkaline  solution  of  the  ammonium  salt ; 
after  being  well  washed  and  dried  at  100°,  it  was  analysed. 

0-2106  gave  0'2230  C02,  0-0650  H2O,  and  0'1094  Ag. 

0  =  28-91;  H  =  3-42;  Ag  =  51-94. 

Additional  silver  determinations  gave  Ag  =  51'76  and  51*86. 
C8H14(COOAg)2  requires  0  =  28*98  ;  H  =  3'38  ;  Ag  =  52'17  per  cent. 

The  neutral  solution  of  the  ammonium  salt  of  pseudocamphoric  acid 
shows  the  following  behaviour  with  reagents. 

Barium  nitrate,  no  precipitate. 

Copper  sulphate,  a  heavy,  pale  blue  precipitate. 

Calcium  chloride,  no  precipitate  in  the  cold,  but  on  boiling,  if  the 
solution  is  moderately  strong,  the  calcium  salt  separates  as  a  white, 
crystalline  precipitate. 

Lead  acetate,  a  heavy,  white,  very  insoluble  precipitate. 

It  was  noticed  during  these  experiments  that,  on  evaporating  a 
neutral  solution  of  the  ammonium  salt  in  the  water  bath,  it  becomes 
strongly  acid. 

Pseudocamphoric  Anhydride,  C8H]4\p/O>0. — In  order  to  determine 

whether  pseudocamphoric  acid,  like  camphoric  acid,  was  capable  of  form- 
ing an  anhydride,  the  pure  acid  (2  grams)  was  heated  with  acetyl  chloride 
(10  grams)  in  a  reflux  apparatus  for  15  minutes,  and  the  solution  then 
allowed  to  remain  over  solid  potash  in  a  vacuum  desiccator  until  the 
excess  of  acetyl  chloride  had  been  removed.  The  slightly  yellowish 
residue,  which  quickly  solidified,  was  left  in  contact  with  porous 
porcelain  until  colourless ;  it  melted  at  52 — 53°  and,  after  recrystal- 
lisation  from  light  petroleum,  at  53 — 54°. 

0-1524  gave  0-3664  C02  and  0-1066  H2O.     0  =  65-57;  H  =  7'77. 
C10H14O3  requires  0  =  65-93  ;  H  =  7'69  per  cent. 

Pseudocamphoric  anhydride  is  readily  soluble  in  the  usual  organic 
solvents,  with  the  exception  of  light  petroleum,  in  which  it  dissolves 
but  sparingly.  It  distils  without  decomposition,  and  the  distillate  on 
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cooling  at  once  solidifies  to  a  colourless,  crystalline  mass  melting  at 
52—53°. 

Pseudocamphoranilic  Acid,  COOH-C8H14-CO-NH-C6H5.—  When 
the  solution  of  pseudocamphoric  anhydride  in  benzene  was  mixed 
with  aniline,  the  mixture  became  warm  and  after  a  time  deposited  a 
few  crystals.  As  the  quantity  of  these,  however,  was  but  small,  the 
whole  was  heated  in  a  basin  on  the  water  bath  until  free  from  benzene, 
and  the  residue  mixed  with  ether  and  allowed  to  stand ;  the  white, 
sparingly  soluble  substance  which  separated  was  collected,  washed 
with  ether,  and  purified  by  recrystallisation  from  dilute  alcohol. 
The  colourless,  glistening,  crystalline  mass  obtained  in  this  way 
consisted  of  pure  pseudocamphoranilic  acid,  as  the  following  analysis 
shows. 

0-2218  gave  1O3  c.c.  nitrogen  at  20°  and  731  mm.     N  =  5'15. 
C16H21N03  requires  N  =  5*09  per  cent. 

When  heated  moderately  rapidly  in  a  capillary  tube,  pseudocamphor- 
anilic acid  melts  at  208°  without  decomposition  ;  it  is  almost  insoluble 
in  water,  benzene,  and  light  petroleum,  but  readily  soluble  in  hot 
alcohol  and  acetone.  When  heated  in  a  test  tube,  it  decomposes  at 
a  high  temperature,  with  elimination  of  water,  the  residue  distilling 
as  a  colourless  oil  which  solidifies  on  rubbing.  Unfortunately,  the 
amount  of  material  at  our  disposal  was  too  small  to  allow  of  the 
purification  of  this  crude  substance,  which  is  doubtless  the  anil  of 
pseudocamphoric  acid. 

Action  of  /Sulphuric  Acid  on  Pseudocamphoric  Acid. 

As  camphoric  acid  when  heated  with,  sulphuric  acid  is  converted 
into  sulphocamphylic  acid  with  evolution  of  carbon  monoxide,  C10H1604 
+  H2SO4  =  09H14SO5  +  CO  +  2H20,  it  seemed  interesting  to  determine 
whether  pseudocamphoric  acid,  under  similar  conditions,  would  undergo 
an  analogous  decomposition. 

In  order  to  investigate  this  point,  pure  pseudocamphoric  acid  (0'5 
gram)  was  mixed  with  concentrated  sulphuric  acid  (3  c.c.)  and  the 
mixture  heated  at  100°  in  a  test  tube.  The  crystals  soon  dissolved 
and  the  solution,  which  at  first  was  nearly  colourless,  rapidly  became 
red  and  finally  black ;  there  was  considerable  effervescence,  due  to 
the  evolution  of  carbon  dioxide,  and  some  sulphur  dioxide,  but  no 
trace  of  carbon  monoxide  could  be  detected.  As  at  the  end  of  10 
minutes  the  effervescence  had  ceased,  the  whole  was  poured  into  ice- 
cold  water,  when  it  gave  a  brown  solution  in  which  a  light  brown, 
flocculent  precipitate  was  suspended.  This  precipitate  was  collected, 
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but  its  nature  could  not  be  determined,  as,  although  a  sparingly 
soluble,  colourless,  crystalline  substance  resembling  paraxylic  acid  was 
obtained  from  it,  the  amount  was  too  small  for  analysis  or  further 
investigation.  The  nitrate  from  the  brown  precipitate  was  extracted 
several  times  with  ether,  and  the  ethereal  solution,  after  washing  and 
drying  over  calcium  chloride,  deposited,  on  evaporation,  a  slightly 
brownish  oil,  which  dissolved  readily  in  sodium  carbonate  ;  it  could 
not,  however,  be  obtained  in  a  crystalline  condition,  and,  therefore? 
was  not  analysed  :  it  did  not  contain  any  sulphur.  This  experiment 
shows  conclusively  that  pseudocamphoric  acid,  when  treated  with  sul- 
phuric acid,  does  not  yield  a  sulphonic  acid,  and  therefore  behaves 
differently  from  camphoric  acid. 

Oxidation  of  Pseudocamphoric  Acid. 

This  experiment  need  not  be  described  in  detail,  as  it  was  carried 
out  under  exactly  the  same  conditions  as  the  oxidation  of  dihydro- 
camphoric  acid  (p.  26),  the  quantities  used  being  pseudocamphoric  acid, 
1  '8  grams ;  caustic  soda,  1  gram ;  and  potassium  permanganate, 
4  grams  ;  oxidation  was  nearly  complete  after  5  weeks  at  the  ordinary 
temperature.  The  exchanged  pseudocamphoric  acid  (0*6  gram)  was 
isolated,  and  also  1'3  grams  of  a  thick,  yellow  oil,  which  from  its 
behaviour  with  bromine  and  potash  and  with  phenylhydrazine  evi- 
dently contained  a  ketonic  acid,  but  as  no  crystalline  derivative  could 
be  obtained  its  investigation  was  abandoned. 

Returning  to  the  investigations  of  the  oils  obtained  from  the 
residues  of  the  steam  distillation  of  the  soda  melts  (p.  33),  the  two 
products  B  and  C  were  mixed  and  treated  with  acetyl  chloride,  exactly 
as  described  in  the  case  of  the  similar  acids  from  the  potash  melts 
(p.  23).  After  distilling  off  the  excess  of  acetyl  chloride  and  fraction- 
ating under  reduced  pressure,  the  following  fractions  were  collected. 

150—175°     =150  grams 
EHS  } -MO  gnu* 

These  fractions  were  treated  separately  with  excess  of  dilute  soda, 
the  portion  remaining  insoluble  being  extracted  with  ether.  The 
combined  ethereal  solutions,  on  evaporation,  deposited  an  oil  which 
solidified  almost  completely  after  a  time ;  the  crystals  of  c£-camphoric 
anhydride  thus  obtained,  after  crystallisation,  melted  at  218 — 219°. 

0-1140  gave  0-2745  C02  and  0-0769  H20.     0  =  65-68;  H  =  7-50. 
010H1403  requires  C  =  65 -9 3  ;  H  =  7 '69  per  cent. 
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The  three  alkaline  extracts  were  also  mixed,  acidified  with  hydro- 
chloric acid  and  extracted  several  times  with  ether ;  the  residue  left 
on  evaporating  the  ethereal  solution  was  dissolved  in  a  slight  excess 
of  ammonia  and  boiled  with  calcium  chloride,  when  a  heavy,  white 
precipitate  of  calcium  pimelate  (isopropylsuccinate)  was  formed.  This, 
when  decomposed  by  hydrochloric  acid,  gave  large  quantities  of 
pimelic  acid  which,  after  recrystallisation  from  benzene,  melted  at 
115—116°. 

0-1008  gave  0-1940  C02  and  0-0678  H20.     C  =  52-47;  H  =  7'48. 
C7H1204  requires  C  =  52-50  ;  H  =  7'50  per  cent. 

The  filtrate  from  the  calcium  pimelate  was  treated,  in  the  first 
instance,  with  zinc  chloride  exactly  as  described  in  the  case  of  the 
potash  melts  (p.  24),  but  as  the  results  were  unsatisfactory,  the 
following  treatment  was  adopted.  The  concentrated  solution  of 
the  ammonium  salts,  after  acidifying,  was  extracted  with  ether  in 
the  usual  way,  and  the  thick  oily  product  distilled  under  a  pressure 
of  44  mm.,  collecting  the  fractions 

165—210°;  210—235°;  235—260°. 

The  first  of  these,  on  standing,  deposited  crystals  which,  after 
crystallisation  from  water,  melted  at  117 — 119°,  and  were  on  analysis 
found  to  consist  of  pseudocamphoric  acid. 

On  repeated  fractionation,  the  combined  fraction  210 — 260°  yielded 
a  considerable  quantity  of  a  very  thick  oil,  which  boiled  remarkably 
constantly  at  255 —  56°  (50  mm.),  and  on  analysis  gave  the  following 
results. 

0-1313  gave  0-2700  C02  and  0-0951  H2O.     0  =  56-09;  H  =  8'04. 
0-1293  gave  0-2645  CO2  and  0-0960  H2O.    0  =  55-83  ;  H  =  8-  25  per  cent. 

We  were  for  a  long  time  very  much  puzzled  as  to  the  nature  of  this 
acid,  and  it  was  only  after  numerous  experiments,  extending  over  a 
long  period,  that  we  were  able  to  determine  its  composition. 

In  the  first  place,  we  found  that  the  oil  analysed,  although  boiling 
so  constantly  at  254 — 257°  (50  mm.),  was  nevertheless  not  quite  pure, 
as,  when  mixed  with  .water,  in  which  the  bulk  of  the  substance  is 
excessively  soluble,  a  small  quantity  remained  undissolved,  even  after 
long  shaking.  In  order  to  get  rid  of  this  impurity,  the  whole  of  the 
oil  was  shaken  with  water,  filtered  from  the  small  quantity  of  un- 
dissolved oil,  the  filtrate  evaporated  to  a  small  bulk  on  the  water  bath 
at  a  temperature  of  about  70°,  and  the  residue  allowed  to  stand  over 
sulphuric  acid  in  a  vacuum  until  no  further  loss  in  weight  occurred. 
Three  analyses  of  the  colourless,  syrupy  residue,  obtained  in  two 
distinct  experiments,  gave  the  following  numbers. 
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0-1007  gave  0-2110  C02  and  0*0748  H2O.     C  =  57'14;  H  =  8-25. 
0-1247     „     0-2593  C02    „    0-0938  H2O.     0  =  56-71 ;  H  =  8-35. 
0-1123     „     0-2365  CO2    „    0-0853  H20.     0  =  57-44;  H  =  8-43. 
C9H1604  requires  0  =  5 7 '45  ;  H  =  8 '51  per  cent. 

The  silver  salt  of  the  acid,  prepared  by  precipitating  the  slightly 
alkaline  solution  of  the  ammonium  salt  with  silver  nitrate,  is  a  white, 
insoluble  precipitate,  which,  after  washing  and  drying  at  100°,  gave  the 
following  results  on  analysis. 

0-2033  gave  0-2016  C02,  0-0620  H2O,  and  0-1090  Ag. 

0  =  27-04;  H  =  3-39;  Ag  =  53-61. 
0-2070  gave  0-2094  C02;  0-0635  H2O  and  0-0112  Ag. 

0  =  27-58;  H  =  3-40;  Ag  =  53-72. 

Additional  silver  determinations  gave  Ag  =  53'87,  53'58,  and  53'75. 
C9H1404Ag2  requires  0  =  26-86;  H  =  3'48;  Ag  =  53 -73  per  cent. 

The  neutral  solution  of  the  ammonium  salt  of  this  acid  shows  the 
following  behaviour  with  reagents. 

Barium  chloride,  no  precipitate,  even  on  boiling. 

Calcium  chloride,  with  strong  solutions,  a  white,  gelatinous  precipitate 
but  this  dissolves  readily  in  water. 

Copper  sulphate,  a  bluish-green,  gelatinous  precipitate,  which  becomes 
caseous  on  warming. 

Lead  acetate,  a  heavy,  white,  amorphous  precipitate. 

The  anhydride  of  the  acid  was  prepared  by  boiling  the  acid  with 
excess  of  acetic  anhydride  for  two  days  in  a  reflux  apparatus,  and 
fractionating  the  product  under  reduced  pressure  (35  mm.);  the  colourless 
oil  thus  obtained,  which  was  far  less  viscid  than  the  acid,  boiled  at 
185—190°. 

0-1345  gave  0-3142  C02  and  0-0994  H20.     0  =  63-71 ;  H  =  8-21. 
0-1872     „     0-4368  C02    „    0-1382  H2O.     0  =  63-66;  11  =  8-20. 
C9H14O3  requires  C  =  63'53  ;  H  =  8-24  per  cent. 

From  the  results  given  above,  it  is  clear  that  the  oil  distilling  at 
254 — 257°  (50  mm.)  is  a  mixture  of  a  large  quantity  of  an  acid  of  the 
formula  C9H1604  with  a  small  quantity  of  an  oil  the  nature  of 
which  we  were  not  able  to  determine.  It  is  very  remarkable  that 
this  acid,  which  is  capable  of  forming  an  anhydride,  should  not  do  so 
at  the  high  temperature  at  which  it  was  distilled. 
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Experiments  on  the  Synthesis  of  Camphoric  Acid.    Part  I. 
By  WILLIAM  HENRY  BENTLEY  and  WILLIAM  HENRY  PERKIN,  JUN. 

DURING  the  course  of  a  series  of  experiments  on  sulphocamphylic 
acid,  COOH*C8H12-S03H,  on  which  one  of  us  has  been  engaged  for 
a  long  time,  many  results  have  been  obtained  which  are  very  difficult 
to  understand  if  we  assume  that  Bredt's  formula  for  camphoric  acid, 

CH(COOH)CH2 
(CH3)2C 

CH3-C(COOH)—  CH2 
is  correct. 

On  the  other  hand,  if  this  formula  be  slightly  modified  by  altering 
the  position  of  one  of  the  carboxyl  groups,  so  as  to  express  the 
constitution  of  camphoric  acid  thus, 

CH2  --  CH-COOH 

(CH3)2C    '  | 

CH3-C(COOH)-CH2 

all  the  results  obtained  during  the  investigation  on  sulphocamphylic 
acid  may  be  readily  explained. 

As,  moreover,  it  appears  that  this  formula  is  capable  of  account- 
ing for  all  the  other  known  reactions  of  camphoric  acid,  it  seems  highly 
probable  that  it  may  actually  represent  the  constitution  of  camphoric 
acid. 

In  order,  if  possible,  to  decide  this  important  point,  experiments 
were  made  with  the  object  of  synthesising  an  acid  of  this  constitution, 
the  method  adopted  being  to  prepare,  in  the  first  place,  an  isobutyl- 
methylhydroxyglutaric  acid  of  the  formula 

^CH2  --  CH-COOH 
(CH3)2CH 
3  2 

and  then  to  endeavour  to  remove  the  elements  of  water  at  the 
points  *  *.  It  seemed  probable  that  this  might  be  effected  from 
the  consideration  that  the  elimination  of  water  in  this  way  would 
give  rise  to  a  5  carbon  ring  —  the  ring  which  is  supposed  to  be  capable 
of  the  most  ready  formation,  and  also  on  account  of  the  probability 
that  camphoric  acid,  which  is  such  an  exceedingly  stable  substance, 
would  be  very  likely  to  be  produced  if  the  conditions  necessary  for  its 
formation  presented  themselves. 
We  have  been  successful  in  preparing  isobutylrnethylhydroxyglutaric 


CH3-  C(0*H)(COOH)  •  CH 
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acid,  but  the  elimination  of  water  from  this  acid  in  the  direction 
shown  above  has,  so  far,  not  been  realised ;  it  is  to  be  hoped,  however, 
that  further  experiments  which  are  in  progress  may  yet  lead  to  the 
desired  result. 

The  starting  point  in  this  investigation  was  isobutylacetic  acid, 
CH(CH3)2-CH2-CH2-COOH,  which  we  prepared  in  considerable 
quantity  in  the  usual  way  from  ethylic  isobutylmalonate  by  hydrolysis 
and  subsequent  distillation  of  the  isobutylmalonic  acid.  When  the 
product  formed  on  treating  this  acid  with  phosphorus  pentabromide 
and  bromine  was  poured  into  alcohol,  a  very  good  yield  of  ethylic 
a-bromisobutylacetate,  CH(CH3)2'CH2-CHBr-COOC2H5,  was  obtained 
as  a  colourless  oil  boiling  at  100—103°  (17mm.). 

If  now  the  sodium  compound  of  ethylic  acetoacetate  be  digested  in 
alcoholic  solution  with  this  brominated  ethereal  salt,  reaction  takes 
place  readily  with  elimination  of  sodium  bromide,  ethylic  acetyliso- 
butylsuccinate,  a  colourless  oil  boiling  at  160°  (25  mm.)  being  produced, 
according  to  the  equation, 

CH(CH3)2-CH2-CHBr-COOC2H5   +   CH3-CO-CHNa-COOC2H5   = 
CH(CH3)2.CH2.CH'COOC2H5        N 
CH3-CO-CH>COOC2H5 

The  hydrolysis  of  this  ethereal  salt  by  means  of  hydrochloric  acid 
was  next  investigated,  and  after  many  experiments  it  was  found  that 
the  course  of  the  hydrolysis  did  not  always  go  in  the  same  direction, 
the  nature  of  the  products  depending  principally  on  the  strength  of 
the  acid  employed.  If  the  hydrolysis  is  effected  by  boiling  with 
dilute  hydrochloric  acid,  the  principal  products  of  the  reaction  are 
isobutylsuccinic  acid  and  acetic  acid. 

CH(CH3)2.CH2.CH-COOC2H5 

CH3-CO-CH-COOC2H5   H 

CH(CH3)2-CH2-CH-COOH          CEL-COOH   +   2C2H5-OH. 
CH2-COOH 

On  the  other  hand,  boiling  with  concentrated  hydrochloric  acid  decom- 
poses the  ethereal  salt  in  a  different  manner,  isobutyllevulinic  acid 
being  produced. 

CH(CH3)2.CH2.CH.COOC2H5   H     2H  Q   = 


OH(OHs),-CH2-CH-OOOtt   +   ^   +   2(W 


CHyCO-CH, 


Isobutyllevulinic  acid,  which  is  a  viscid,  odourless  oil  boiling  at  about 
190°  (30  mm.),  shows  all  the  properties  of  a  ketonic  acid,  since,  in  ad- 
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to  dissolving  in  alkalis,  it  yields  a  well-defined  semicarbazone, 
NH2-CO-NH-N:C(CH3)-CH2-CH(COOH)-CH2-CH(CH3)2,  melting  at 
192°.  Its  constitution  is  proved  by  the  fact  that  when  oxidised  by 
bromine  in  the  presence  of  potash,  it  gives  an  almost  quantitative  yield 
of  isobutylsuccinic  acid, 

CH(CH3)2-CH2-CH-COOH  iyeg  CH(CH3)2-CH2-CH-COOH 

CH3-CO-CH2  COOH-CH2 

The  next  step  was  to  investigate  the  action  of  hydrocyanic  acid  on 
isobutyllevulinic  acid,  and  it  was  ultimately  found  that,  if  the  con- 
ditions given  in  this  paper  are  observed,  addition  readily  takes  place 
with  formation  of  isobutylhydroxycyanovaleric  acid. 

OH3-C(OH)(CN)-CH2-CH(C4H9)-COOH. 

Thishydroxycyanide  is  a  crystalline  substance  which  melts  at95 — 96°, 
and  on  distillation  is  decomposed  with  loss  of  water  and  formation  of 
the  corresponding  lactone  which  melts  at  53°, 

CH8.C(CN)-CH2.CH-C4H9, 
O—  -CO 

a  behaviour  which  was  to  be  expected,  since  the  hydroxycyanide  is  at 
the  same  time  a  y-hydroxy-acid. 

The  hydrolysis  of  the  hydroxycyanide  was  carried  out  by  saturating 
its  alcoholic  solution  with  hydrogen  chloride,  and  in  this  way  an 
ethereal  salt  was  obtained  which  was  doubtless  the  ethereal  salt  of 
isobutylmethylhydroxyglutaric  acid, 

CH3-C(OH)(COOC2H5)-CH2-CH(C4H9)-COOC2H5, 
but  if  this  ethereal  salt  be  distilled  under  reduced  pressure  (17  mm.), 
an  oil  passes  over  at  168°  which,  on  analysis,  proved  to  be  the  ethylic 
salt  of  the  lactone  of  isobutylmethylhydroxyglutaric  acid, 

CH3-C(COOC2H5)-CH2-CH-C4H9, 
O—  —CO 

alcohol  having  been  eliminated  during  the  distillation.  From  the 
ethylic  salt,  isobutylme.thylhydroxyglutaric  acid, 

CH3-C(OH)(COOH)-CH2-CH(C4H9)-COOH, 

is  readily  obtained  by  hydrolysing  it  with  alcoholic  potash  and  pre- 
cipitating the  cold  solution  with  hydrochloric  acid  ;  it  is  a  beautifully 
crystalline  substance  which  melts  at  134°  with  elimination  of  water 
and  formation  of  the  lactone,  CH3'9(COOH)-CH2-CH-C4H9. 

The  latter,  which  is  best  prepared  by  treating  the  hydroxydibasic 
acid  with  acetyl  chloride,  is  crystalline,  and  melts  at  about  80°.  When 
dissolved  in  potash,  it  is  converted  into  the  potassium  salt  of  the 
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hydroxy-acid,  and  this,  on  acidifying  in  the  cold,  yields  the  free  acid, 
showing  that  this  y-hydroxy-acid  is  not  so  readily  converted  into  its 
lactone  as  is  the  case  with  most  y-hydroxy-acids. 

The  following  experiments  were  instituted  in  order,  if  possible,  to 
obtain  either  camphoric  acid  or  an  isomeride  by  the  elimination  of 
water  from  isobutylmethylhydroxyglutaric  acid  in  the  manner  indicated 
at  the  commencement  of  this  paper,  but  so  far  we  have  been  unable 
to  obtain  the  desired  result. 

I.  The  diethylic  salt  of  the  acid,  prepared  from  the  silver  salt  by 
the  action  of  ethylic  iodide,  was  distilled  under  the  ordinary  pressure, 
when   the  whole  passed  over  at  290°  as   a   colourless   oil ;   this,    on 
analysis,  was  found  to  consist  of  the  ethylic  salt  of  the  lactone  of  the 
hydroxy-acid,  alcohol  having  been  eliminated  during  the  operation. 

II.  The  diethylic  salt  was  left  in  contact  with  excess  of  phosphorus 
pentoxide  for  eight  days,  and  the  product,  after  extraction  with  ether, 
was  fractionated  under  the  ordinary  pressures  ;  in  this  case,  also,  the 
distillate  was  found  to  consist  of  the  ethylic  salt  of  the  lactone  acid. 

III.  In  order,   if  possible,  to  prevent  the  formation  of  the  lactone, 
the  hydroxy-dibasic  acid  was  fused  with  potash  at  about  300°,  at  which 
temperature  camphoric  acid,  if  formed,  would  remain  unattacked.     It 
was,  however,  found  that,  during  this  experiment,  the  hydroxy-acid  had 

en  completely  decomposed,  isobutylsuccinic  acid  being  produced. 

IV.  The  carefully  dried  silver  salt  of  the  hydroxy-dibasic  acid  was 
submitted  to  distillation  under  reduced  pressure.     An  oily  distillate 
was  obtained  which,  on  refractionation,   gave  a  large  quantity  of  a 
fraction  220—222°  (30  mm.)  ;  this,  which   solidified  on  standing,  was 
found  to  be  the  lactone  of  the  hydroxy-acid. 

Several  other  substances  of  interest  which  were  obtained  during  the 
course  of  this  investigation  are  described  in  this  paper. 

Isobutylacetic  Acid,  OH(OH8)2-CH2-CH2-COOH. 

This  acid  has  already  been  prepared  synthetically  by  the  hydrolysis 
of  isoamylic  cyanide  with  alkalis  (Frankland,  Kolbe,  Annalen,  65, 
303),  and  also  by  the  hydrolysis  of  ethylic  isobutylacetoacetate  with 
baryta  (Rohn,  Annalen,  1878, 190,  316);  the  isobutylacetic  acid  which 
was  employed  in  this  research  was  prepared  from  isobutylmalonic  acid, 
a  method  which  does  not  appear  to  have  been  described,  and  which  we 
found  to  yield  the  acid  in  a  very  pure  state. 

Ethylic  isobutylmalonate  was  prepared  in  the  usual  way  by  treating 
ethylic  sodiomalonate  with  isobutylic  bromide  (compare  Guthzeit, 
Annalen,  1881,  209,  236),  and  after  careful  fractionation  *  the  pure 

*  During  the  fractionation,  a  small  quantity  of  an  oil  of  high  boiling  point, 
ethylic  di-isobutyl  malonate  (see  p.  61 ),  is  always  obtained. 
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ethereal  salt  was  hydrolysed  by  boiling  with  excess  of  alcoholic  potash 
for  four  hours.  After  being  mixed  with  water  and  freed  from  alcohol  by 
evaporation,  the  residue  was  dissolved  in  a  little  water,  acidified,  and 
extracted  six  times  with  pure  ether ;  the  ethereal  solution  was  then 
dried  over  calcium  chloride,  evaporated,  and  the  residual  crude  isobutyl- 
malonic  acid  decomposed  by  distillation.  In  this  way,  about  70  per  cent, 
of  the  theoretical  yield  of  pure  isobutylacetic  acid  was  readily  obtained 
as  a  colourless,  disagreeably-smelling  oil  boiling  constantly  at 
200—201°. 

0-1840  gave  0-4191  C02  and  0-1738  H20.    0  =  62-12;  H  =  10-48. 
C5HU-COOH  requires  0  =  62-07  ;  H  =  10-35  per  cent. 

Ethylic  Bromisobutylacetate,  CH(CH3)2-CH2-CHBr-COOC2H5.— In 
order  to  prepare  this,  isobutylacetic  acid  (85  grams)  was  mixed  with 
phosphorus  pentabromide  (127  grams),  and  after  some  time  dry  bromine 
(140  grams)  was  added  in  small  quantities  at  a  time,  and  the  mixture 
heated  at  50°  for  about  2  hours,  until  the  evolution  of  hydrogen 
bromide  had  nearly  ceased  ;  the  temperature  was  then  raised  to  100° 
in  order  to  drive  off:  the  last  traces  of  bromine.  When  cold,  the  pro- 
duct was  poured  into  alcohol  and  the  whole  allowed  to  stand  over- 
night. A  large  quantity  of  water  was  then  added,  the  heavy  oil 
which  was  precipitated  was  extracted  with  ether,  and  the  ethereal 
solution,  after  being  washed  with  sodium  carbonate  solution  and  with 
water,  was  dried ;  the  ether  was  then  distilled  off,  and  the  oily 
residue  fractionated  under  reduced  pressure.  Pure  ethylic  bromiso- 
butylacetate  is  thus  readily  obtained  as  a  heavy,  colourless,  pleasant- 
smelling  oil  which  boils  at  100 — 103°  (17  mm.)  and  has  properties 
similar  to  other  ethereal  salts  of  a-bromo-fatty  acids.  The  yield  is 
about  90  per  cent,  of  the  theoretical. 

0-1522  gave  0-1280  AgBr.     Br  =  35'78. 

C4H9-CHBr-COOC2H6  requires  Br  =  35'87  per  cent. 

Ethylic  Acetylisolutylsuccinate,  CH(CH3)2'CH2'VH'COOC2H5. 

CH3-CO-CH-COOC2H5 

This  is  produced  by  the  interaction  of  ethylic  a-bromisobutylacetate 
with  ethylic  sodacetoacetate,  as  explained  in  the  introduction  of  this 
paper.  Sodium  (11-5  grams)  was  dissolved  in  alcohol  (130  grams), 
the  solution  mixed  with  ethylic  acetoacetate  (65  grams),  ethylic  brom- 
isobutyl  acetate  (112  grams)  added,  and  the  mixture  heated  for  12 — 15 
hours  in  a  reflux  apparatus  on  the  water  bath.  The  product,  when 
cold,  was  mixed  with  water  and  extracted  with  ether,  &c.,  the  residue 
being  fractionated  under  reduced  pressure  (25  mm.).  The  ethylic 
acetylisobutylsuccinate  commences  to  distil  at  140°,  almost  the  whole 
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passing  over  between  140°  and  180° ;  a  small  quantity  of  oil  boiling 
at  200 — 230°  was,  however,  obtained  in  each  case,  but  this  was  not 
examined. 

The  fraction  boiling  at  140 — 180°  varies  from  65 — 70  per  cent,  of 
the  theoretical ;  a  small  portion  of  this,  which  was  specially  collected, 
distilled  at  about  160°  (25  mm.)  and  gave  the  following  numbers  on 
analysis. 

0-1188  gave  0'2660  C02  and  0-0935  H20.    0  =  61-06  ;  H  =  8*74. 

Ethylic  acetylisobutylsuccinate  requires  C  =  61'76  ;  H  =  8'82  per  cent. 
Other  analyses  gave  a  similar  result,  and  it  was  subsequently  ascer- 
tained that  the  somewhat  low  numbers  found  were  due  to  the  substance 
containing  traces  of  bromine  (see  p.  65). 

Hydrolysis  of  Ethylic  Acetylisobutylsuccinate.     Formation  of  Isobutyl- 

2    i  ,  and   of  a-Isobutyllevu- 

CB2-COOH 

CH3-CO-CH2 

a.  The  hydrolysis  of  ethylic  acetylisobutylsuccinate  with  dilute 
hydrochloric  acid  yields  isobutylsuccinic  acid. 

The  fraction  of  the  ethereal  salt  boiling  at  about  150—155°  (20  mm.) 
and  weighing  48  grams  was  digested  for  about  15  hours  in  a  reflux 
apparatus  with  220  grams  of  dilute  hydrochloric  acid  (1  acid  :  2  of 
water),  but  even  after  boiling  for  this  length  of  time,  comparatively 
little  of  the  ethereal  salt  had  been  hydrolysed.  The  liquid  was  ac- 
cordingly extracted  several  times  with  ether,  and  the  ethereal  solution 
repeatedly  shaken  with  small  quantities  of  sodium  carbonate ;  the 
aqueous  solution,  after  being  separated  from  the  ether,  was  acidified 
and  again  extracted  with  ether.  This  second  ethereal  solution,  after 
being  dried  and  evaporated,  left  a  yellowish  oil  which  soon  solidified. 
The  crude  crystalline  mass,  after  being  left  in  contact  with  porous 
porcelain,  was  purified  by  crystallisation  from  water,  when  it  separated 
in  colourless  prisms  which  melted  at  109°,  and  gave  off  water  at 
about  150°. 

0-1172  gave  0-2368  C02  and  0-0854  H2O.     0  =  55-10  ;  H  =  8'09. 
C8H14O4  requires  0  =  55-17  ;  H  =  8-04  per  cent. 

It  seemed  likely  that  this  acid  was  isobutylsuccinic  acid,  identical 
with  the  acid  which  Demargay  (Ann.  Chim.  Ph.,  [v],  2O,  492)  ob- 
tained by  the  reduction  of  isobutylfumaric  acid,  and  for  which  he  gives 
the  melting  point  103 — 104°.  As,  however,  it  was  important  to  be 
quite  sure  of  the  identity  of  our  acid,  we  prepared  isobutylsuccinic  acid 


SYNTHESIS   OF   CAMPHORIC   ACID.      PART   I.  51 

by  a  method  which  left  no  doubt  as  to  its  constitution,  namely,  the 
action  of  ethylic  monochloracetate  on  ethylic  isobutylsodiomalonate  ; 
the  acid  prepared  in  this  way  melted  at  109°,  and  has  all  the  properties 
of  that  obtained  by  the  hydrolysis  of  ethylic  acetyliaobutylsuccinate. 
T,          v.       .,  CH(CHo)2-CH2-CH-COOH 


pared  from  both  specimens  by  the  following  method,  The  acid 
(1  gram)  was  heated  with  a  few  grams  of  acetyl  chloride  for  half  an 
hour,  the  liquid  placed  over  solid  potash  in  a  vacuum  desiccator  until 
the  excess  of  acetyl  chloride  had  been  removed,  and  the  oily  residue 
dissolved  in  a  little  benzene  and  mixed  with  aniline  (1  gram)  ;  the 
crystals  which  soon  separated  on  standing  were  collected,  dried  on  a 
porous  plate,  and  purified  by  crystallisation  from  benzene  mixed  with 
a  little  alcohol  ;  the  isobutylsuccinanilic  acid  was  thus  obtained  in 
glistening  plates  melting  at  138  —  139C. 

0-1792  gave  9-1  c.c.  nitrogen  at  17°  and  745  mm.     N  =  5-82. 
C14H19NO3  requires  N  =  5'62  per  cent. 

The  same  anilic  acid  was  obtained  from  both  preparations  of  iso- 
butylsuccinic  acid;  subsequently  it  was  also  discovered  that  iso- 
butylsuccinic  acid  is  formed  when  ethylic  acetylisobutylsuccinate  is 
hydrolysed  by  heating  it  with  a  mixture  of  sulphuric  acid,  acetic  acid, 
and  a  little  water. 

b.  The  hydrolysis  of  ethylic  acetylisobutylsuccinate  with  strong 
hydrochloric  acid  results  mainly  in  the  formation  of  isobutyllevulinic 
acid.  After  numerous  experiments  had  been  tried  in  order  to 
ascertain  the  most  favourable  conditions  for  the  formation  of  iso* 
butyllevulinic  acid,  the  following  method  was  adopted,  Ethylic  acetyl- 
isobutylsuccinate was  digested  in  a  reflux  apparatus  with  about  four 
times  its  volume  of  concentrated  hydrochloric  acid  for  10  hours,  but  a 
portion  only  of  the  ethereal  salt  was  hydrolysed.  The  product  was 
shaken  several  times  with  ether,  and  the  isobutyllevulinic  acid 
separated  from  the  unchanged  ethereal  salt,  by  extracting  the  ethereal 
solution  with  strong  sodium  carbonate  solution,  the  ethylic  salt 
recovered  from  the  ethereal  solution  by  evaporation  being  again  sub- 
mitted to  hydrolysis  as  before  ;  these  operations  were  repeated  until 
the  concentrated  hydrochloric  acid  had  no  further  action  on  the  oily 
layer  (see  p.  65).  The  combined  sodium  carbonate  extracts  were  then 
acidified  and  extracted  repeatedly  with  ether,  &c.,  and  the  oil  thus 
obtained  was  purified  by  distillation  under  reduced  pressure  ;  almost 
the  whole  distilled  between  160°  and  180°  (20  mm.),  and  consisted  for 
the  most  part  of  the  ketonic  acid,  as  the  following  analysis  shows. 

0-101  gave  0-2278  C02  and  0-0770  H20.     0  =  61  -51  ;  H  =  8'47. 
Isobutyllevulinic  acid,  C9H1603,  requires  C  =  62'79  ;  H  =  9'30  per  cent. 
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From  this  crude  product,  pure  isobutyllevulinic  acid  may  be  readily 
obtained  by  converting  it  into  the  semicarbazone,  purifying  this,  and 
subsequently  decomposing  the  pure  semicarbazone  by  means  of  hydro- 
chloric acid. 

Semicarbazone  of  Isobutyllevulinic  Acid, 

CH(CH3)2-  CH2-  CH-  COOH 
NH2-CO-NH-N:C(CH3)'CH2 

— This  is  readily  prepared  by  adding  the  crude  ketonic  acid  (30  grams), 
dissolved  in  a  little  alcohol,  to  a  strong  solution  of  semicarbazide 
hydrochloride  (20  grams)  and  sodium  acetate  (32  grams),  stirring  the 
mixture  vigorously,  and  heating  to  boiling  for  a  few  minutes  ;  on  cool- 
ing, a  crystalline  mass  separates,  which  is  collected,  dried  on  a  porous 
plate,  and  recrystallised  from  70  per  cent,  alcohol ;  it  is  thus  obtained 
in  glistening  plates  melting  at  192°  with  decomposition. 

0-1594  gave  25-4  c.c.  nitrogen  at  16°  and  762  mm.     N  =  18-63. 
C10H19N303  requires  N=  18*34  per  cent. 

The  semicarbazone  of  isobutyllevulinic  acid  is  almost  insoluble  in 
water,  benzene,  and  light  petroleum,  but  dissolves  readily  in  alcohol 
and  in  acetic  acid.  It  is  readily  decomposed  by  hydrochloric  acid  into 
semicarbazide  hydrochloride  and  isobutyllevulinic  acid. 

The  pure  semicarbazone  (20  grams)  was  heated  on  the  water  bath 
with  hydrochloric  acid  (30  c.c.  of  sp.  gr.  1-1)  and  water  (30  c.c.)  until 
the  crystals  had  been  entirely  decomposed  and  changed  to  an  oil ; 
the  product  was  then  extracted  with  ether  in  the  usual  way,  and  the  oily 
residue  fractionated  under  reduced  pressure.  The  whole  distilled  at 
about  190°  (30  mm.)  as  a  colourless  oil,  consisting  of  pure  isobutyl- 
levulinic acid. 

0-1150  gave  0-2646  CO2  and  0-0964  H2O.     C  =  62-75;  H  =  9'31. 
C9H16O3  requires  C  =  62 -79 ;  H  «  9 '30  per  cent. 

Oxidation  of  Pure  Isobutyllevulinic  Acid  by  means  of  Potassium  ffypobro- 
mite.     Formation  of  Isobutylsuccinic  Acid. 

It  has  already  been  pointed  out  (p.  50)  that  isobutylsuccinic  acid 
is  formed  in  considerable  quantity  during  the  hydrolysis,  by  means  of 
dilute  hydrochloric  acid,  of  that  portion  of  the  product  of  the  action  of 
ethylic  bromoisobutylacetate  on  ethylic  sodacetoacetate  which  boils  at 
150 — 155°  (20  mm.),  and  the  formation  of  this  acid  proves  that  this 
oily  product  contains  ethylic  acetoisobutylsuccinate. 

It  seemed,  however,  quite  likely  that  this  oil  might  contain  a 
second  isomeric  constituent  formed  by  the  elimination  of  hydrogen  bro- 
mide from  ethylic  bromisobutylacetate,  and  the  subsequent  condensa- 
tion of  the  ethylic  /?-isopropylacrylate  CH(CH3)2-CH:CH*COOC2H5, 
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thus  formed,  with  the  ethylic  acetoacetate,  a  series  of  reactions  which 
have  been  repeatedly  noticed  in  cases  analogous  to  the  above. 

Since,  then,  it  was  possible  that  the  substance  we  call  isobutyllevuli- 
nic  acid  might  have  been  derived  from  this  second  constituent,  it 
became  necessary,  before  using  this  acid  for  synthetical  work,  to  be 
quite  sure  as  to  its  constitution,  and  this  was  proved  by  oxidising  the 
acid  to  isobutylsuccinic  acid  by  means  of  potassium  hypobromite. 

Some  of  the  ketonic  acid  which  had  been  regenerated  from  the  pure 
carbazone  was  dissolved  in  a  considerable  excess  of  strong  potash  solution 
and  bromine  added  until,  on  standing  for  an  hour,  the  solution  liberated 
iodine  from  a  solution  of  potassium  iodide.  The  first  drop  of  bromine 
produced  a  turbidity  in  the  alkaline  solution  and  then  an  oil  separated 
which  ultimately  solidified ;  this,  which  consisted  of  carbon  tetrabromide, 
was  removed  by  filtration,  the  solution  acidified  with  hydrochloric  and 
sulphurous  acids,  and  the  oily  acid  extracted  with  ether.  After  dis- 
tilling off  the  ether,  an  almost  colourless  oil  was  left,  which  showed  no 
signs  of  solidifying  ;  when,  however,  it  had  been  dissolved  in  dilute 
sodium  carbonate,  the  solution  boiled  with  animal  charcoal,  filtered,  and 
the  filtrate  acidified  and  allowed  to  stand  for  some  days  in  a  cold  place, 
the  acid  was  deposited  in  a  semi-solid  state,  and  in  contact  with  porous 
porcelain  became  quite  hard.  After  being  purified  by  recrystallisation 
from  water,  pure  isobutylsuccinic  acid  was  obtained  in  colourless  plates 
melting  at  109°. 

0-1364  gave  0-2748  CO2  and  0'099  H20.     0  =  54-95;  H  =  8'06. 
C8H1404  requires  C  =  55-17;  H  =  8'04  percent, 

The  identity  of  this  acid  was  further  demonstrated  by  converting  it 
into  isobutylsuccinanilic  acid  and  isobutylsuccinanil,  which  were  found 
to  be  identical  with  the  substances  obtained  from  synthetical  isobutyl- 
succinic  acid  (see  p.  51). 

Action  of  Hydrogen  Cyanide  on  a-Isobutyllevulinic  Acid.     Formation  of 

a-Isobutyl-yy-hydroxycyanovaleric  A  cid, 
CH3-  C(OH)(CN)  •  CH2-  CH(C4H9)  •  COOH. 

In  the  first  experiments  on  the  action  of  hydrogen  cyanide  on  isobutyl- 
levulinic  acid,  the  pure  ketonic  acid  prepared  from  the  semicarbazone 
was  employed,  and  it  was  then  found  that  this  reaction  gave  rise  to  a 
solid  hydroxycyanide  and  an  oil  containing  much  nitrogen ;  the  latter 
was  at  first  thought  to  be  a  stereoisomeric  modification  of  the  solid 
cyanide. 

Subsequently,  when  it  was  found  that  it  was  unnecessary  to  employ 
such  carefully  purified  ketonic  acid,  the  usual  method  of  procedure  was 
as  follows. 
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Isobutyllevulinic  acid  (b.  p.  185 — 195°  at  30  mm.),  in  quantities  of  30 
grams,  was  mixed  with  water  (45  grams),  and  pure  potassium  cyanide 
(18  grams)  added  in  small  quantities  at  a  time,  the  whole  being 
cooled  in  a  freezing  mixture  during  the  operation.  The  mixture,  which 
soon  became  almost  solid,  was  allowed  to  stand  for  about  an  hour,  and 
concentrated  hydrochloric  acid  (12  grams)  then  added,  care  being 
taken  that  the  temperature  did  not  rise  much  above  0°.  After  2 
hours,  more  hydrochloric  acid  (30  grams)  was  added,  and  the  whole  kept 
at  0°  for  about  20  hours.  At  the  end  of  this  time,  it  was  seen  that  the 
oil  which  separated  on  adding  the  second  quantity  of  hydrochloric  acid 
had  almost  completely  solidified  ;  -this  semi-solid  mass,  after  being 
washed  and  left  in  contact  with  porous  porcelain  until  quite  free  from 
oily  impurity,  was  recrystallised  from  dilute  methylic  alcohol,  from 
which  it  separated  in  the  form  of  beautiful,  colourless  needles  melting 
at  95 — 96°.  For  analysis,  the  substance  was  dried  over  sulphuric  acid 
in  a  vacuum,  as  it  decomposes  even  below  its  melting  point  when 
heated  in  a  water  bath. 

0-1220  gave  0-2484  C02  and  0-0980  H20.     C  =  55'54;  H  =  8'92. 
0-2356     „      13-2  c.c.  nitrogen  at  14°  and  764  mm.     N  =  6'63. 
C10H17N03  +  H20  requires  C  =  55-30 ;  H  =  8'75  ;  N  =  6'45  per  cent. 

Isobutylhydroxycyanovaleric  acid  appears,  therefore,  to  crystallise 
from  dilute  methylic  alcohol  with  1H20.  It  is  readily  soluble  in  acetic 
acid,  alcohol  and  hot  water,  but  only  sparingly  in  benzene,  chloroform 
or  light  petroleum  ;  if  warmed  for  some  time  with  hot  water,  it  decom- 
poses, yielding  hydrocyanic  acid  and  an  oil  which  is  possibly  regenerated 
isobutyllevulinic  acid. 

Lactone  of  Isobutylhydroxycyanovaleric  Acid, 
CH3-C(CN)-CH2-CH-C4H9. 

6 co 

When  pure  Isobutylhydroxycyanovaleric  acid  is  distilled  under  re- 
duced pressure  (40  mm.),  water  is  first  eliminated,  and  then  the 
temperature  rises  rapidly  to  175°,  nearly  the  whole  of  the  residue 
distilling  between  178°  and  180°  (40  mm.)  as  a  colourless  oil;  this, 
however,  is  not  the  pure  lactone,  as  is  shown  by  the  following  analysis. 
Found,  N  =  5-75  per  cent.;  C10H15N02  requires  1ST  =  7 '73  per  cent. 

This  oil,  which  appeared  to  contain  some  isobutyllevulinic  acid,  on 
long  standing  at  0°,  deposited  colourless  plates  which,  after  being  spread 
on  porous  porcelain  until  quite  dry  and  then  washed  with  light  petroleum, 
melted  at  40 — 50°.  The  analysis  now  gave  the  correct  numbers. 

0-1550  gave  10-1  c.c.  nitrogen  at  22°  and  760  mm..    N  =  7'45. 
C10H15N02  requires  N  =  7'73  per  cent. 
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This  substance,  which  is  evidently  the  lactone  of  isobutylhydroxy- 
cyanovaleric  acid,  melts  at  53°.  It  crystallises  in  beautiful,  glistening 
plates,  and  is  readily  soluble  in  alcohol  and  ether,  but  almost  insoluble 
in  water.  It  is  insoluble  in  cold  soda  solution,  and  when  warmed 
the  crystals  melt  and  swim  about  in  the  hot  alkaline  solution  as 
an  oil. 

0,-Isobutyl-cL^-methylhydroxyglutaric  A  cid. 

CH(CH3)2-CH2-CH-COOH 

CH2 
CH3-C(OH)-COOH 

This  acid  is  formed  by  the  hydrolysis  of  isobutylhydroxycyanovaleric 
acid  by  means  of  hydrochloric  acid,  the  method  which  was  adopted 
for  the  hydrolysis  and  isolation  of  the  acid  being  as  follows.  Absolute 
alcohol  (60  grams)  was  saturated  with  dry  hydrogen  chloride,  and  to 
the  cold  liquid  the  solid  cyano-acid  (30  grams)  was  added,  and  the 
mixture  then  allowed  to  stand  at  the  ordinary  temperature  for  two 
days.  At  the  end  of  this  time,  a  considerable  quantity  of  ammonium 
chloride  had  separated,  and  the  process  appeared  to  be  complete ;  in 
order,  however,  to  make  sure  that  the  whole  of  the  cyano-acid  had 
been  hydrolysed,  the  product  was  heated  on  the  water  bath  for  4 
hours  before  being  worked  up.  The  whole  was  then  cooled,  diluted 
with  water,  and  the  oily  ethereal  salt  which  separated  extracted  with 
ether ;  this  was  washed,  dried,  and  evaporated,  and  the  oily  residue 
purified  by  fractionation  under  reduced  pressure.  In  this  way,  a 
colourless  oil  was  obtained,  which  distilled  almost  constantly  at  168° 
(17mm.). 

0-1152  gave  0-2666  C02  and  0-0930  H20.     0  =  63-11 ;  H  =  8'97. 
0-1080     „     0-2502  C02   „  0-0874  H20.    C  =  63-18 ;  H  =  8'99  per  cent. 

C12H20O4  requires  C  =  63'16  ;  H  =  8'77. 
C14H2605  requires  C  =  61 '31 ;  H  =  9 -48  per  cent. 

This  substance  is  therefore  not  the  ethereal  salt  of  isobutylmethyl- 
hydroxyglutaric  acid  itself  (C14H2605),  but  of  the  lactone  of  this  acid 
(C12H2004),  that  is,  . 

CH(CH3)2-CH2-CH— CO 

CH2    O 
CH3-C^^COOC2H5 

It  is  a  colourless  oil  of  faint  odour,  and  distils  without  decomposition 
at  about  290°  under  the  ordinary  pressures  (see  p.  57).  In  order:  to 
prepare  the  dibasic  acid  from  this  ethereal  salt,  the  pure  substance 
(25  grams)  was  added  to  a  solution  of  potash  (20  grams)  in  pure  ethylic 
alcohol,  and  the  solution  heated  in  a  reflux  apparatus  on  the  water 
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bath.  In  a  short  time,  a  solid  potassium  salt  began  to  separate,  which 
increased  rapidly  in  quantity  until  the  whole,  after  about  an  hour  and 
a  half,  had  become  quite  thick  ;  the  mass  was  then  cooled,  the  solid 
crystalline  precipitate  collected  with  the  aid  of  the  pump,  washed  with 
alcohol,  and  dried  at  100°. 

This  substance,  which  proved  to  be  the  potassium  salt  of  an  organic 
acid,  was  dissolved  in  water,  and  the  solution,  after  filtering,  was  cooled 
with  ice  and  carefully  acidified  with  hydrochloric  acid,  when  a  beauti- 
fully crystalline  acid  was  precipitated;  this  was  collected,  washed, 
dried,  and  analysed,  with  the  following  result. 

0-1164  gave  0'2348  C02  and  0-0876  H20.     0  =  55-01  ;  H  =  8'36. 
C10H1805  requires  0  =  55-04;  H  =  8'26  per  cent. 

The  silver  salt  of  the  acid  precipitated  from  a  neutral  solution  of 
the  ammonium  salt  is  a  white,  amorphous,  very  insoluble  substance. 
On  analysis,  it  gave  the  following  result. 

0-1008  gave  0-0508  Ag.    Ag  =  50-39. 

C10H16Ag2O5  requires  Ag  =  50-00  per  cent. 

These  analyses  prove  that  the  acid  obtained  in  this  way  is  isobutyl- 
methylhydroxyglutaric  acid.  When  heated  in  a  capillary  tube,  it  softens 
at  128°  and  melts  at  134°  with  evolution  of  gas,  due,  no  doubt,  to  the 
elimination  of  water  and  formation  of  the  lactone  (p.  58).  It  is 
sparingly  soluble  in  cold,  but  dissolves  in  warm  water ;  if  the  solution, 
however,  be  boiled,  an  oil  separates,  a  change  which  is  obviously 
due  to  lactone  formation.  The  dibasic  acid  is  sparingly  soluble  in 
cold  benzene  and  light  petroleum,  but  dissolves  readily  in  alcohol  and 
acetic  acid.  It  may  be  obtained  in  a  beautifully  crystalline  condition 
by  dissolving  it  in  much  warm  ether,  distilling  off  the  ether  until 
crystals  begin  to  separate,  and  then  allowing  the  solution  to  stand, 
when  the  greater  part  of  the  acid  separates  in  beautiful,  glistening, 
silky  plates. 

Ethylic  Isolutylmethylhydroxyglutarate,  OH>C8H15(COOC2H5)2. — In 
order  to  prepare  this,  experiments  were  first  tried  on  the  action  of 
hydrogen  chloride  on  the  alcoholic  solution  of  the  acid,  but  as  the 
ethereal  salt  which  was  formed  proved  on  investigation  to  be  the 
ethylic  salt  of  the  lactonic  acid,  we  were  forced  to  make  the  ethylic 
salt  of  the  dibasic  acid  from  the  silver  salt  by  the  action  of  ethylic 
iodide. 

The  dry  silver  salt  of  the  dibasic  acid  (10  grams)  was  heated  in  a 
reflux  apparatus  with  ethylic  iodide  (10  grams)  and  pure  dry  ether 
for  2  hours  on  the  water  bath  ;  the  silver  iodide  was  then  filtered 
off,  washed  with  ether,  the  ethereal  solution  evaporated,  and  the 
vesidual  almost  colourless  oil  left  in  a  vacuum  desiccator  over  sulphuric 
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acid  for  about  a  week.     The  analysis  of  the  oil  gave  numbers  showing 
that  it  was  the  ethereal  salt  of  the  dibasic  acid. 

0-148  gave  0-3297  C02  and  0-126  H20.     0  =  60-72  ;  H  =  946. 
OH-C8H15(COOC2H5)2  requires  0  =  61-31  ;  H  =  9-48  per  cent. 

When  this  oil  is  distilled  under  the  ordinary  pressure,  alcohol  is 
eliminated  and  a  colourless,  oily  ethereal  salt  distils  remarkably  con- 
stantly at  290°  with  scarcely  any  decomposition;  this,  on  analysis, 
proved  to  be  the  ethylic  salt  of  the  lactonic  acid. 

0-1362  gave  0-3136  C02  and  0-1116  H2O.     0  =  62*79;  H  =  910. 
COOC2H5-  CSH15<£0  requires  0  =  63-16  ;  H  =  8-77  per  cent. 

This,  after  being  hydrolysed  by  boiling  with  excess  of  potash  or 
methylic  alcohol,  was  diluted  with  water,  evaporated  to  dry  ness,  and  the 
residue,  dissolved  in  a  little  water,  was  cooled,  and  acidified,  when  the 
colourless  crystalline  hydroxydibasic  acid  was  precipitated. 

0-1280  gave  0-2572  C02  and  0-0960  H20.     C  =  54'80;  H  =  8-33. 
C10H1805  requires  C  =  55'04  ;  H  =  8'26  per  cent. 

In  a  preliminary  experiment,  in  which  less  alkali  was  used,  some  of 
the  ethereal  salt  on  hydrolysis  yielded  a  solid  melting  at  78°,  which 
evidently  consisted  of  the  lactonic  acid  produced  by  direct  hydrolysis. 

Action  of  Phosphorus  Pentoxide  on  Ethylic  Isobutylmetliylliydroxy- 
glutarate. — As  stated  in  the  introduction,  this  experiment  was  insti- 
tuted with  the  object  of  eliminating  water  from  the  ethereal  salt,  and 
of  thus  forming  a  closed  chain,  but  the  reaction  evidently  proceeds 
differently,  alcohol  being  eliminated  and  the  ethereal  salt  of  the 
lactonic  acid  formed.  The  diethylic  salt  (5  grams)  was  mixed  with  a 
large  excess  of  phosphorus  pentoxide  and  allowed  to  stand  in  a 
desiccator  over  phosphorus  pentoxide  for  8  days ;  the  gelatinous  mass 
thus  formed  was  then  mixed  with  water,  the  oil  which  separated 
extracted  with  ether,  the  ethereal  solution  washed  with  sodium 
carbonate,  dried  over  calcium  chloride,  and  evaporated.  The  oily  residue, 
after  standing  for  7  days  over  sulphuric  acid  in  a  vacuum  desiccator, 
was  analysed. 

0-1434  gave  0-3356  C02  and  0-1196  H20.     0  =  63-82;  H  =  9'26. 

On  distillation  under  the  ordinary  pressure,  nearly  the  whole 
passed  over  at  290 — 292°,  and  on  analysis  and  further  examination 
it  proved  to  be  the  ethylic  salt  of  the  lactonic  acid. 

0-1290  gave  0-2976  C02  and  0*1060  H20.     0  =  62-91  ;  H  =  9'13. 


COOC2H5-C8H15<£0  requires  0  =  63*16  ;  H  =  8'77  per  cent. 
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From  this  ethereal  salt,  by  hydrolysis,  both  the  lactonic  acid  and  the 
dibasic  acid  were  obtained,  and  the  latter  was  analysed. 

0-1024  gave  0-2064  C02  and  0-0767  H2O.     0  =  54-97  ;  H  =  8-33. 
C10H1805  requires  C  =  55-04 ;  H  =  8 -26  per  cent. 

There  can  therefore  be  no  doubt  that  the  oily  ethereal  salt  was 
simply  the  ethereal  salt  of  the  lactonic  acid. 

Fusion  of  Isobutylmethylhydroxyglutaric  Acid  with  Potash. — This  ex- 
periment was  made  in  the  hope  that  elimination  of  water  might  take 
place  at  the  temperature  of  fusion  with  formation  of  a  closed  ring, 
which  would  probably  be  very  stable,  since  camphoric  acid  itself  is 
hardly  attacked  by  fused  potash  at  300°.  About  5  grams  of  the 
pure  acid  was  fused  with  potash  at  220 — 230°  for  half  an  hour  ; 
the  melt  was  then  dissolved  in  water,  and  the  clear  solution  acidified 
and  extracted  with  ether.  On  evaporating  the  ether,  an  oil  was  left 
which,  on  standing  for  some  days  at  0°,  gradually  became  nearly  solid  ; 
it  was  then  placed  on  porous  porcelain  and  subsequently  crystallised 
from  water.  The  crystalline  acid,  melting  at  108 — 109°,  thus  obtained, 
proved  to  be  isobutylsuccinic  acid. 

0-1219  gave  0-2472  C02  and  0-0892  H20.     C  =  55-25  ;  H  =  8-12, 
C8H1404  requires  C  =  55-17  ;  H  =  8  "04  per  cent. 

This  experiment  was  repeated  several  times  under  different  con- 
ditions, but  isobutylsuccinic  acid  was  formed  in  all  cases. 

Lactone  of  Isobutylmethylhydroxyglutaric  Acid, 
CH(CH3)2-CH2.CH-<pO 

CH^O 
CH3-C— COOH. 

This  lactone  may  be  obtained  from  the  hydroxydibasic  acid  in 
several  ways,  but  we  found  that  treating  the  acid  with  acetyl  chloride 
yielded  the  best  results.  The  pure  hydroxydibasic  acid  boiled  for  a 
few  minutes  with  a  little  pure  acetyl  chloride  and  then  allowed  to 
evaporate  in  a  vacuum  desiccator  over  solid  potash,  deposited  prismatic 
crystals  on  standing  overnight.  These  were  collected,  drained  on  a 
porous  plate  until  quite  dry,  and  then  analysed  without  further 
purification. 

0-1200  gave  0-2636  C02  and  0-0882  H20.     0  =  59*91  ;  H  =  8'16. 
C10H16O4  requires  0  =  60-00;  H  =  8'00  per  cent. 

The  lactone  of  isobutylmethylhydroxyglutaric  acid  melts  at  about 
80°,  dissolves  readily  in  alcohol  and  acetic  acid,*but  is  nearly  insoluble 
in  cold  benzene,  light  petroleum,  and  water.  When  left  in  contact 
with  water  at  about  60°,  it  gradually  dissolves,  probably  with  forma- 
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on  of  the  hydroxy-dibasic  acid  ;  in  alkalis,  it  dissolves  readily,  and  if 
the  solutions  are  precipitated  at  once  by  hydrochloric  acid,  the  lactone 
separates  unchanged.  If,  however,  the  lactone  is  heated  with  excess 
of  alkali  for  some  time,  and  the  solution  then  cooled  with  ice  and 
cautiously  acidified,  the  precipitate  consists  of  the  hydroxy-dibasic  acid. 

Investigation  of  the  Liquid  Formed  during  the  Action  of  Hydrogen 
Cyanide  on  Isobutyllevulinic  Acid. 

It  has  already  beon  stated  that  isobutyllevulinic  acid  reacts  with 
hydrogen  cyanide  with  formation  of  isobutylhydroxycyanovaleric  acid, 
but  the  yield  of  the  latter  is  not  more  than  50 — 60  per  cent,  of  the 
theoretical,  owing  to  the  fact  that  some  oily  substance  is  always 
obtained  at  the  same  time;  this  is  absorbed  by  the  porous  plates 
during  the  process  of  purification  of  the  solid  nitrile,  and  as  it 
seemed  possible  that  the  examination  of  this  oil  might  yield  interesting 
results,  these  plates  were  broken  up  and  extracted  with  ether  in  a 
Soxhlet  apparatus.  On  distilling  off  the  ether  from  the  extract,  a 
thick,  dark  brown  oil  containing  nitrogen  was  left,  and  with  this  the 
following  experiments  were  made. 

Behaviour  of  the  Oil  on  Distillation. — About  one-third  of  the  oil  was 
distilled  under  reduced  pressure  (30  mm.),  when,  after  a  little  water 
had  come  over,  the  temperature  rose  rapidly  to  140°,  most  of  the  oil 
distilling  at  175—185°. 

Etherification  of  the  Crude  Oil. — The  crude,  dark  brown  oil  was 
dissolved  in  alcohol,  the  alcoholic  solution  saturated  with  hydrogen 
chloride,  and  the  mixture  left  in  the  cold  for  two  days,  during  which 
time  a  considerable  quantity  of  ammonium  chloride  separated.  The 
liquid  was  then  heated  in  a  reflux  apparatus  for  one  hour,  diluted 
with  water,  and  the  oil  which  separated  extracted  with  ether ;  the 
ethereal  solution,  after  being  washed  with  water  and  with  sodium 
carbonate  solution,  dried  over  calcium  chloride,  and  the  ether  distilled 
off,  left  an  oil  which  was  distilled  under  reduced  pressure  (25  mm.)  ; 
almost  the  whole  passed  over  between  140°  and  200°,  by  far  the  larger 
portion  at  150 — 160°.  The  latter  fraction  gave  the  following  results 
on  analysis. 

0-1170  gave  0-2810  C02  and  0-0992  H2O.     0  =  65-50;  H  =  9'41. 
0-1285     „     0-3102  C02   „    0-1132  H20.     0  =  65-84;  H  =  9-80. 
Ethylic  isobutyllevulinate,  CUH20O3,  requires  0  =  66'0;  H  =  lO'O  p.  cent. 

As  this  oil  on  hydrolysis  gave  a  liquid  acid  which,  with  semi- 
car  bazide  hydrochloride  yielded  a  semicarbazone  melting  approximately 
at  185°,  there  can  be  no  doubt  that  it  is  ethylic  isobutyllevulinate, 
and  this  experiment  shows  that  the  original  brown  oil  either  contained 
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and  extracted  with  pure  ether.  The  ethereal  solution,  after  being 
dried  over  calcium  chloride  and  evaporated,  gave  an  oily  residue  which 
solidified  only  very  slowly,  even  when  placed  in  a  vacuum  desiccator 
over  sulphuric  acid.  After  14  days,  the  solid  acid  was  pressed  on 
porous  plates  in  order  to  remove  oily  matter,  and  then  purified  by  re- 
crystallisation  from  light  petroleum  (b.p.  80 — 90°),  when  it  was  obtained 
in  thick  prisms  melting  at  145 — 150°  with  evolution  of  gas. 

0-1054  gave  0-2352  C02  and  0*0884  H20.     0  =  60-86;  H  =  9*32. 
(C4H9)2C(COOH)2  requires  C  =  6M1 ;  H  =  9-26  per  cent. 

Di-isobutylmalonic  acid  is  almost  insoluble  in  water  and  benzene, 
but  dissolves  readily  in  alcohol  and  in  hot  light  petroleum  (b.  p. 
80 — 90°) ;  it  is  only  sparingly  soluble  in  cold  light  petroleum. 

Di-isobutylacelic  Acid,  [CH(CH3)2-  CH2]2CH-  COOH,  and  its  Derivatives. 

In  order  to  prepare  this  acid,  crude  di-isobutylmalonic  acid  was 
heated  until  carbon  dioxide  was  no  longer  evolved,  and  it  was  then 
distilled.  From  the  distillate,  by  fractional  distillation,  pure  di-isobutyl- 
acetic  acid  was  readily  obtained  as  a  viscid,  colourless  oil,  of  feeble 
odour,  and  boiling  at  225—230°  (730  mm.). 

0-1004  gave  0'2560  C02  and  0-1050  H20.     0  =  69-54;  H  =  11'61. 
C10H2002  requires  0  =  69*77  ;  H=  11 '62  per  cent. 

Di-isobutylacetyl  chloride,  CH(C4H9)2-COC1.— This  was  obtained  by 
the  action  of  phosphorus  trichloride  on  di-isobutylacetic  acid.  The 
acid  (9  grams)  and  the  phosphorus  trichloride  (4  grams)  were  heated 
together  for  10  minutes  in  an  oil  bath,  the  liquid  was  then  decanted 
from  the  phosphorous  acid,  and  distilled  under  reduced  pressure.  Di- 
isobutylacetyl  chloride  is  a  colourless,  pungent-smelling  liquid  which 
boils  at  95°  (20  mm.) ;  it  was  not  analysed,  but  at  once  converted  into 
the  undermentioned  derivatives. 

Di-isobutylacetanilide,  CH(C4H9)2-  CO  -NH-  C6H5.— This  was  prepared 
by  dissolving  the  acid  chloride  (3  grams)  in  pure,  dry  ether,  and  adding 
aniline  (5  grams)  also  dissolved  in  ether.  After  some  time,  water  was 
added,  the  ethereal  solution  separated  and  washed  with  dilute  hydro- 
chloric acid  until  free  from  aniline,  then  with  water,  dried  over  calcium 
chloride,  and  the  ether  distilled  off.  The  oil  which  was  left  slowly 
solidified,  and  after  being  spread  on  a  porous  plate  to  remove  oily  im- 
purities, was  crystallised  from  light  petroleum  (b.  p.  100 — 120°).  The 
pure  substance  was  thus  obtained  in  needles  melting  at  1 1 1°.  Analysis, 

0-1738  gave  9  c.c.  nitrogen  at  17°  and  750  mm.     N  =  5'92. 
CH(C4H9)2-CO-NH-C6H5  requires  5-66  per  cent. 

Di-isobutylacetanilide  dissolves  in  benzene,   alcohol  and  hot  light 
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petroleum  (b.  p.  100 — 120°),  but  is  only  sparingly  soluble  in  cold  light 
petroleum. 

Di-isobutylacetoparatoluidide,  CH(C4H9)2-CONH>  CGH4-  CH3,  was  pre- 
pared from  the  acid  chloride  and  paratoluidine  in  precisely  the  same 
manner  as  the  anilide  ;  it  crystallises  from  light  petroleum  (b.  p. 
100 — 120°)  in  prismatic  needles,  melts  at  140 — 141°,  and  is  sparingly 
soluble  in  cold  light  petroleum,  but  readily  in  alcohol,  chloroform,  and 
benzene. 

0-2661  gave  12-6  c.c.  nitrogen  at  17°  and  746  mm.     1ST  =  5-36. 
CH(C4H9VCO-NH-C6H4-CH3  requires  N  =  5'36  per  cent. 

Di-isobutylacetamide,  CH(C4H9)2'  CO  'NH2,  was  prepared  by  adding 
the  acid  chloride  (3  grams)  to  concentrated  aqueous  ammonia  (10  c.c.), 
allowing  the  mixture  to  stand  for  some  time,  and  then  extracting  with 
ether;  the  ethereal  solution,  dried  over  potassium  carbonate  and  evapo- 
rated, left  an  oil  which  slowly  solidified.  This  was  purified  by  crystal- 
lising it,  first  from  petroleum  boiling  at  40 — 60°,  and  afterwards  from 
petroleum  of  high  boiling  point  (100 — 120°)  mixed  with  a  little  alcohol, 
when  it  was  obtained  in  minute  needles  melting  at  120 — 121°. 

0-1472  gave  10-8  c.c.  N  at  17°  and  750  mm.     N  =  8'40. 
CH(C4H9)2-CO-NH2  requires  N  -  8-18  per  cent. 

Di-isobutylacetamide  is  very  soluble  in  alcohol,  but  almost  insoluble 
in  water,  and,  when  pure,  almost  insoluble  in  petroleum  of  high  boiling 
point. 

Preparation  of  Isobutylsuccinic  Acid, 
CH(CH3)2-  CH2-  CH(COOH)-CH2-  COOH. 

As  this  acid  was  needed  for  the  purpose  of  comparison  with  the  acid 
of  the  formula  C8H1404,  which  had  been  obtained  by  the  hydrolysis  of 
ethylic  acetylisobutylsuccinate  as  explained  on  p.  50,  we  prepared  a 
considerable  quantity  of  isobutylsuccinic  acid  by  a  process  which  has 
not  been  described  before.  Sodium  (2  grams)  was  dissolved  in  absolute 
alcohol  (24  grams),  mixed  with  ethylic  isobutylmalonate  (25  grams), 
ethylic  monochloracetate  (14  grams)  was  added,  and  the  mixture  allowed 
to  stand  for  some  hours ;  it  was  then  heated  on  the  water  bath  for 
4  hours,  water  was  added,  and  the  oil  which  separated  extracted 
with  ether.  The  ethereal  solution,  after  being  well  washed  with  water, 
dried  over  calcium  chloride  and  evaporated,  left  an  oil  which  was  puri- 
fied by  f  ractionation  under  reduced  pressure.  In  this  way  a  moderately 
good  yield  of  a  substance  was  obtained  which  distilled  at  170 — 180° 
(25  mm.),  and,  on  analysis,  gave  the  following  results. 

01146  gave  0-2484  C02  and  0-0886  H20.     0  =  59-11  ;  H  =  8-58. 
C15H26O6  requires  C  =  59-60  ;  H  =8-60  per  cent. 
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Ethylic  isobutylethanetricarboxylate, 

CH(CH3)2-  CH2-  C(COOC2H5)2-  CH2-  C0002H5, 

is  a  colourless  oil  which,  when  distilled  under  ordinary  pressures,  ap- 
pears to  undergo  but  very  little  decomposition  ;  on  hydrolysis,  it  yields  a 
solid,  tribasic  acid,  which,  when  heated  at  180°,  loses  carbon  dioxide 
with  formation  of  isobutylsuccinic  acid. 

The  oily  ethylic  salt  was  hydrolysed  with  alcoholic  potash  in  the 
usual  way,  the  product  evaporated  until  free  from  alcohol,  acidified 
and  repeatedly  extracted  with  ether ;  after  drying  over  calcium 
chloride  and  evaporating,  the  residual  tribasic  acid  immediately 
solidified.  This  was  not  analysed,  but  at  once  converted  into  isobutyl- 
succinic acid  by  heating  at  180 — 200°  until  carbon  dioxide  ceased  to 
be  evolved ;  the  crude  product  was  then  dissolved  in  hot  water,  filtered, 
and  saturated  with  hydrogen  chloride ;  on  standing,  a  mass  of  crystals 
separated,  which,  after  two  recrystallisations  from  water,  melted  at 
109°,  and  consisted  of  pure  isobutylsuccinic  acid. 

0-1354  gave  0-2764  C02  and  0-1002  H2O.     C  =  55'67;  H  =  S-22. 
C8H1404  requires  0  =  55-17  ;  H  =  8-04  per  cent. 

Isobutylsuccinanilic  acid,  C4H9-  CH(COOH)-  CH2«  CO  -NH-  C6H5  (?). 
— In  order  to  prepare  this  substance,  the  acid  (2  grams)  was  digested 
with  acetyl  chloride  for  a  few  minutes,  the  excess  of  the  latter 
removed  by  exposure  over  potash  in  a  vacuum  desiccator,  and  the 
residual  liquid  anhydride  dissolved  in  a  little  benzene  and  mixed  with 
aniline  (1-5  grams).  The  solid  matter  which  soon  separated,  after 
being  drained  on  a  porous  plate  and  recrystallised  from  dilute  alcohol, 
yielded  the  anilic  acid  in  beautiful  leaflets  melting  at  138 '5°. 

0-1818  gave  8-8  c.c.  nitrogen  at  15°  and  558  mm.     N  =  5-66. 
CUH19N03  requires  N  =5 '62  per  cent. 

Isolutylsuccinanil,  C4H9*  9H      ^°>N-  C6H5.— This  was  prepared  by 

heating  the  anilic  acid  at  200°  for  5  minutes,  and  treating  the  gummy 
mass  obtained  with  dilute  ammonia,  when  it  solidified  immediately. 
This  was  ground  up  with  dilute  ammonia,  collected,  wasEed,  and 
recrystallised  from  dilute  alcohol. 

0-1352  gave  7'1  c.c.  nitrogen  at  16°  and  752  mm.     N  =  6'05. 
C14Hl7ISrO2  requires  N  =  6 '06  per  cent. 

Isobutylsuccinanil  melts  at  109°,  and  is  readily  soluble  in  alcohol 
and  hot  light  petroleum,  but  only  sparingly  in  cold  light  petroleum  ; 
it  is  almost  insoluble  in  water  and  in  dilute  sodium  carbonate  solution, 
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a-Hydroxydi-isobutylacetic    acid,     CFI(CH3)2<CH2'(f(OH)'C0011    and 

CH(CH3)2*  CH2 

a-Isobutyl-p-isom>ylacr,jUc  acid, 

In  spite  of  the  fact  that  the  boiling  point  of  ethylic  acetylisobutyl- 
succinate  (p.  50)  is  so  constant,  the  numbers  obtained  on  analysis 
were  always  nearly  1  per  cent,  low ;  this  was  subsequently  found  to 
be  due  to  the  fact  that  it  contains  traces  of  bromine.  When  this 
ethylic  acetylisobutylsuccinate  is  hydrolysed  with  hydrochloric  acid, 
there  is  always  a  small  quantity  of  oil  which  remains  unattacked,  even 
after  the  treatment  with  hydrochloric  acid  has  been  repeated  several 
times ;  in  order  to  ascertain  the  nature  of  this  oil.  the  small  quantities 
from  several  operations  were  united  and  fractionated,  when  nearly  the 
whole  passed  over  at  138 — 140°  (27  mm.),  and  on  examination  was 
found  to  contain  bromine.  The  analysis  of  different  samples  gave  the 
following  results. 

0-1365  gave  0-2649  C02  and  0-1060  H2O.  0  =  52-93;  H  =  8'63. 

0-1705     „     0-3340  C02    „    0-1320  H2O.  0  =  53-43;  H  =  8-6. 

01460     „     0-2880  C02    „    0-1166  H20.  0  =  53-80;  11  =  8-87. 

0-1214     „     0-2394  C02    „    0-0936  H2O.  0  =  53-78;  H  =  8'56. 
0-2844    ,,     0-1748  AgBr.     Br  =  26'15. 
0-2387     „     0-1502  AgBr.     Br  =  26'77. 

These  numbers  agree  with  the  formula  C13H25Br0.2,  which  requires 
0  =  53-2  ;  H  =  8-5  ;  Br=27'3  percent. 

A  careful  examination  of  this  oil  appears  to  us  to  prove  that  the  true 
formula  of  the  brominated  ethylic  salt  is  C12H23Br02,  and  that  it  is, 
in  fact,  ethylic  a-bromodi-isobutylacetate,  C(C4H9)2Br-COOC2H5.  This 
formula  requires  0  =  51-61  ;  H  =  8'24;  Br.  =28'67  per  cent.,  and  the 
discrepancy  between  these  and  the  numbers  actually  found  was  at  first 
thought  to  be  due  to  the  possibility  of  some  of  the  bromine  having 
been  replaced  by  chlorine  during  the  prolonged  boiling  with  hydro- 
chloric acid.  That  this  is  not  the  case  to  any  appreciable  extent  is 
shown  by  the  fact  that  the  0'1502  gram  of  silver  haloid  obtained  in 
one  of  the  above  analyses,  after  being  reduced  to  silver,  dissolved  in  nitric 
acid,  and  precipitated  with  hydrobromic  acid,  yielded  0*1478  gram  of 
AgBr.  Most  probably  the  impurity  in  the  brominated  ethylic  salt 
consists  of  traces  of  ethylic  acetoisobutylsuccinate,  which  had  escaped 
the  hydrolysing  action  of  the  hydrochloric  acid. 

The  presence  of  this  brominated  substance  in  the  crude  ethylic  aceto- 
isobutylsuccinate is  explained  by  the  fact  that  when  the  sodium 
compound  of  ethylic  malonate  is  treated  with  isobutylic  bromide,  the 
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principal  product  is  ethylic  isobutylmalonate,  but  there  is  always  formed 
at  the  same  time  some  ethylic  di-isobutylmalonate,C(C4H9)2'(COOC2H5)2. 

This  ethereal  salt,  on  hydrolysis  and  subsequent  elimination  of  carbon 
dioxide,  yields  di-isobutylacetic  acid,  CH(C4H9)2*COOH,  traces  of  which 
were  evidently  present  in  the  isobutylacetic  acid  used  in  these  experi- 
ments. In  the  subsequent  bromination,  this  would  be  converted  into 
a-bromodi-isobutylacetic  acid,  CBr(C4H9)2'COOH,  the  ethylic  salt  of 
which  is  apparently  not  readily  acted  on  by  the  sodium  compound  of 
ethylic  acetoacetate,  since  it  is  found  unchanged  in  the  product  of  the 
reaction. 

Hydrolysis  of  Ethylic  Di-isobutylbromacetate. — When  the  brominated 
ethylic  salt  (12  grams)  was  digested  in  alcoholic  solution  with  potash 
(15  grams)  in  a  reflux  apparatus,  potassium  bromide  soon  began  to  be 
deposited  in  crystals  on  the  side  of  the  flask.  After  boiling  for  8  hours, 
the  product  was  diluted  with  water,  traces  of  a  neutral  oil  removed  by 
extraction  with  ether,  and  the  aqueous  solution  evaporated  with 
water  until  quite  free  from  alcohol.  The  alkaline  solution  was  then 
acidified,  and  the  oily  acid  which  separated  was  removed  by  treatment 
with  ether.  The  ethereal  solution,  after  drying  over  calcium  chloride 
and  evaporating,  left  a  thick  syrup  which,  on  standing  for  some  days 
over  sulphuric  acid  in  a  vacuum-desiccator,  gradually  deposited  hair- 
like  crystals  ;  these  were  collected  with  the  aid  of  the  pump,  drained 
on  a  porous  plate,  and  then  recrystallised  from  light  petroleum. 

0-1243  gave  0-2890  CO2  and  0-1206  H20.     0  =  6342  ;  H=10'77 
OH-C(C4H9)2-COOH  requires  0  =  63-88;  H  =  10'64  per  cent. 

This  beautifully  crystalline  substance  melts  at  123 — 124°  and  evi- 
dently consists  of  a-hydroxydi-isobutylacetic  acid  ;  it  is  readily  soluble  in 
hot  light  petroleum  (b.  p.  60 — 80°),  sparingly  so  in  the  cold,  and  crystal- 
lises from  this  solvent  in  slender  needles  which,  when  dry,  resemble 
cotton  wool. 

This  acid  is  isomeric  with  a-isopropyl-/3-isobutylkydracrylic  acid 
(m.  p.  120°),  CH(CH8)2-CH2-CH(OH)-OH(COOH)-CH(CH8)2,  which 
Wohlbriick  (Berichte,  1887,  2O,  2337)  and  Hantzsch  (Annalen,  1888, 
249,  65)  obtained  by  the  action  of  sodium  on  ethylic  isovalerate. 

The  oily  filtrate  from  the  crude  crystals  of  the  a-hydroxydi-isobutyl- 
acetic acid  was  fractionated  under  reduced  pressure  (35  mm.)  when 
nearly  the  whole  distilled  constantly  at  153°.  The  very  thick,  colour- 
less syrup  thus  obtained  gave  the  following  results  on  analysis. 

0-1793  gave  0-4569  C02  and  0'1725  H2O.     C  =  69'50;  H=10'69. 
C10H18O2  requires  C  =  70'06  ;  H=  10-60. 

This  substance  is  evidently  isopropylisobutylacrylic  acid,  and  the 
fraction  analysed  may  contain  traces  of  hydroxydi-isobutylacetic  acid, 
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which  would  account  for  the  results  of  the  above  analysis  being  some- 
what too  low. 

Isobutylisopropylacrylic  acid  distils  without  decomposition  under 
the  ordinary  pressure  at  240  —  241°.  It  is  almost  insoluble  in  water, 
but  dissolves  readily  in  dilute  sodium  carbonate  solution,  and  this  solu- 
tion of  the  sodium  salt  rapidly  decolorises  permanganate,  although, 
perhaps,  not  so  readily  as  is  usual  with  unsaturated  acids. 

Bromine  is  slowly  decolorised  by  a  solution  of  the  acid  in 
chloroform. 

Salts  of  Isobutylisopropylacrylic  Acid.—  The  ammonium  salt  of  this 
acid  dissociates  on  evaporating  its  solution  on  a  water  bath,  ammonia 
being  evolved,  and  the  oily  acid  separating  out.  The  silver  salt, 
C10Hl7Ag02,  was  obtained  as  a  white,  caseous  precipitate  on  adding 
silver  nitrate  to  a  solution  of  the  acid  in  a  slight  excess  of  ammonia  ; 
after  washing  well  and  drying  first  on  a  porous  plate  and  then  at 
100°  it  was  analysed. 

0-2658  gave,  on  ignition,  0-1040  Ag.     Ag  =  39-12. 
0-2555      „      „         „      .  0-0998  Ag.     Ag  =  39'06. 

C10HirAg02  requires  Ag  =  38'99  per  cent. 

The  neutral  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  reagents. 

Barium  chloride,  no  precipitate. 

Calcium  chloride.  —  If  calcium  chloride  is  added  to  a  hot  dilute  solu- 
tion of  the  ammonium  salt,  a  beautifully  crystalline  characteristic  cal- 
cium salt  rapidly  separates  ;  this  dissolves  in  much  hot  water,  but  does 
not  appear  to  crystallise  out  again  on  cooling. 

Copper  sulphate  gives  a  very  insoluble  bluish-green,  caseous  precipitate. 

Lead  acetate,  a  white  caseous  precipitate. 

Isopropylisobutylacrylic  acid  is  probably  identical  with  the  amy- 
decylenic  acid  which  Borodin  (Jahresbericht,  1870,  680  ;  Berichte,  1872, 
5,  481)  obtained  by  the  oxidation  of  di-isovaleraldehyde,  010H18O,  a 
substance  which  is  produced  when  isovaleraldehyde  is  digested  with 
potassium  carbonate. 

If  we  assume,  as  is  probable,  that  in  the  formation  of  di-isovaleral- 
dehyde two  molecules,  of  isovaleraldehyde  condense  in  the  following 
way, 

CHtCHjVCjHJ-pHO  _  CH(CH3)2.C-CHO      „ 

CH(CH3)2-  CH2-  UHJO/j  -  CH(CH3)2-  CH2-  CH 

then  an  aldehyde  of  this  formula  should,  on  oxidation,  yield  iso- 
propylisobutylacrylic  acid  and,  this  appears  to  be  the  case,  since  amy- 
decylenic  acid  is  described  by  Borodin  as  an  oil  boiling  at  241  '5°  with- 
out decomposition. 
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Homologues  of  butanetetracarboxylic  acid  and  of  adipic  acid.* 

By  BEVAN  LEAN,  D.Sc.,  B.A.,  Bishop  Berkeley  Fellow  of  Owens 

College. 

INTRODUCTION. 

WHEN  ethylene  dibromide  is  treated  witli  the  monosodinm  derivative 
of  ethylic  malonate,  the  chief  product  is  ethylic  1  :  1-trimethylene- 
dicarboxylate  (Perkin,  Trans.,  1887,  51,  1). 

2 


+  CH2(COOEt)2  +  2NaBr  ; 

but,  at  the  same  time,  an  oil  of  high  boiling-point  is  formed,  which, 
however,  constitutes  only  about  3  per  cent,  of  the  whole  ;  this,  on 
investigation,  was  found  to  be  ethylic  butanetetracarboxylate,  and 
its  formation  may  be  represented  by  the  equation  — 


The  fact  that  this  substance  is  produced  in  such  small  quantities 
made  its  further  investigation  a  matter  of  very  great  difficulty  ; 
more  recently,  however,  Professor  W.  H.  Perkin,  jun.,  has  found 
that  the  substitution  of  ethylenic  chloride  for  the  bromide  greatly 
increases  the  yield  of  ethylic  butanetetracarboxylate.  The  method 

*  Part  of  a  thesis  accepted  for  the  degree  of  Doctor  of  Science  of  the  University 
of  London. 

b 
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which  is  now  adopted  for  the  preparation  of  this  substance  is 
described  in  a  paper  published  in  this  Journal  (this  vol.,  578). 

Ethylic  butanetetracarboxylate,  in  constitution  and  properties,  is 
very  closely  allied  to  the  ethereal  salts  of  ethane-,  propane-,  and 
pentane-tetracarboxylic  acids,  all  of  which  have  been  investigated  in 
detail. 

These  ethereal  salts  interact  with  sodium  ethylate,  forming 
disodium  derivatives,  the  sodium  displacing  the  hydrogen  atoms  of 
the  two  CH  groups,  and  giving  compounds,  which,  if  X  denote  the 
group  COOEt,  may  be  represented  thus — 

CNaX, 

CNaX2'  H3 

When  these  sodium  derivatives  are  treated  with  alkylic  haloids 
di substitution  derivatives  are  formed  of  the  general  formulae — 

CRX2  ,CRX2  PTT    ,CH2-CRX2 

CRX2'  H2<CRX3'  H2<CH2-CRX2> 

in  which  R  represents  an  alkylic  group,  the  action  taking  place 
readily,  except  in  the  case  of  the  disodium  derivative  of  ethylic  ethane- 
tetracarboxylate,  when  it  is  necessary  to  heat  the  mixture  at  150° 
(Guthzeit  and  Dressel,  Annalen,  256,  181  ;  Perkin,  Trans.,  1891,  59, 
818;  Baeyer  and  Perkin,  Ber.,  17,  449). 

On  hydrolysis,  these  ethereal  salts  yield  the  corresponding  tetra- 
carboxylic  acids,  which  lose  2  mols.  of  carbonic  anhydride  when 
heated  at  about  200°,  and  are  converted  into  derivatives  of  succinic, 
glutaric  and  pimelic  acids,  of  the  general  formulae — 

CHRY  .CHRY  PTT    .CH2-CHRY 

CHRY'  <CHRY'  ^CH2-CHRY ' 

where  Y  represents  the  group  COOH,  just  as  ethylic  ethane-, 
propane-,  and  pentane-tetracarboxylates,  under  similar  circumstances, 
are  converted  into  succinic,  glutaric  and  pimelic  acids  respectively. 

It  has  already  been  shown  by  Perkin  (Zoc.  cit.)  that  ethylic  butane- 
tetracarboxylate is  capable  of  forming  a  disodium  derivative 
(COOEt)2CNa-CH2-CH2-CN"a(COOEt)2,  and  that  this  disodium  de- 
rivative is  converted  by  iodine  into  the  ethereal  salt  of  tetramethyl- 
enetetracarboxylic  acid,  thus — 

CH2-CNa(COOEt)2  _  CH2-0(COOEt)2 

CH2-CNa(COOEt)2  "*  CH2-C(COOEt)2  "* 


but  no  further  experiments  could  be  instituted  at  that  time  with  the 
disodium  derivative,  owing  to  the  difficulty  of  obtaining  sufficient 
of  the  ethereal  salt.  When,  however,  the  method  of  preparation  had 
been  so  improved  as  to  make  it  possible  to  continue,  in  a  satisfactory 
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manner,  the  investigation  of  the  substance,  it  was  thought  that 
interesting  results  would  be  obtained  by  studying  the  action  of 
alkylic  haloids  on  the  disodium  derivative. 

In  carrying  out  this  investigation,  it  was  found  that  the  disodium 
derivative  of  ethylic  butanetetracarboxylate  is  readily  acted  on  by 
alkylic  iodides  or  chlorides,  forming  aa-dialkyl-substituted  butane- 
tetracarboxylic  acid  derivatives,  thus — 

CH2-CNa(COOEt)2  _  CH2-CR(COOEt)2 

CH2-CNa(COOEt)2  *  CH2-CR(COOEt)2  * 

The  action  takes  place  as  soon  as  the  substances  are  brought 
together,  generally  with  considerable  development  of  heat. 

On  the  other  hand,  it  has  not  been  found  possible  to  prepare  mon- 
alkylic  derivatives  of  butanetetracarboxylic  acid  by  the  action  on 
ethylic  butanetetracarboxylate  of  1  mol.  of  sodium  ethylateand  1  mol. 
of  an  alkylic  haloid.  On  attempting  to  prepare  ethylic  monethyl- 
butanetetracarboxylate  in  this  way,  the  product  was  found  to  consist 
of  ethylic  diethylbutanetetracarboxylate,  one  half  of  the  ethylic 
butanetetracarboxylate  being  recovered  as  such.  In  explanation  of 
this  remarkable  action,  one  must  either  suppose  that  ethylic  butane- 
tetracarboxylate is  incapable  of  forming  a  monosodium  derivative 
under  such  conditions,  or  that  the  decomposition  of  the  monosodium 
derivative  takes  place  thus — 

(1.)  CH2-CNa(COOEt)2  _  CH2-CEt(COOEt)2 

CH2-CH(COOEt)2  ~  CH2-CH(COOEt)2  H 

(2.)  CH2-CEt(COOEt)3        CH2-CNa(COOEt)2  _ 
CH2-CH(COOEt)2    "  CH2-CH(COOEt)2 

CH2-CEt(COOEt)2         CH2-CH(COOEt)2 
CH2-CNa(COOEt)2  H"   CH2-CH(COOEt)2 ' 
(3.)  CH2-CEt(COOEt)2  CH2-CEt(COOEt)2 

CH2-CNa(COOEt)2  +  =    CH2-CEt(COOEt)2  ~* 

Similarly,  ethylic  propanetetracarboxylate  (Guthzeit  and  Dressel, 
Annalen,  256,  180,  188),  and  ethylic  pentanetetracarboxylate  (Perkin, 
Trans.,  1891,  59,  847),  when  treated  with  1  mol.  of  sodium  ethylate 
and  an  alkylic  haloid,  yield,  instead  of  a  monalkylic  derivative,  a 
mixture  of  the  dialkylic  derivative  with  unchanged  ethereal  salt. 

In  the  course  of  this  investigation,  a  detailed  study  has  been  made 
of  the  dimethyl,  diethyl,  dicetyl,  and  dibenzyl  derivatives  of  ethylic 
butanetetracarboxylate.  They  are  all  solids,  and  crystallise  with 
considerable  facility. 

On  hydrolysis,  these  ethereal  salts  yield  the  corresponding  quadri- 
carboxylic  acids,  which  possess  some  very  remarkable  properties ; 
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for,  although  they  contain  four  carboxyl  groups,  they  do  not  in  all 
cases  behave  as  quadribasic  acids.  When  their  basicity  is  determined 
by  titration  with  standard  solution  of  potassium  hydrate,  some  of 
them  act  as  bibasic  acids ;  notably  is  this  the  case  with  dibenzyl- 
butanetebracarboxylic  acid,  the  result  being  the  same  whether  phenol- 
phthale'in  or  litmus  is  used  as  the  indicator.  In  this  connection,  it  is 
to  be  noted  that  the  silver  and  calcium  salts  of  dibenzylbutanetetra- 
carboxylic  acid,  which  were  obtained,  were  found  to  have  the  formulae 
C22H2o08Ag2  and  C22H2o08Ca  4-  2H2O  respectively.  On  the  other 
hand,  dimethyl-,  diethyl-,  and  dicetyl-butanetetracarboxylic  acids,  on 
being  titrated  with  potassium  hydrate,  give  different  results,  accord- 
ing as  phenolphthalein  or  litmus  is  employed  as  indicator.  They 
behave  as  quadribasic  acids  when  phenolphthalein  is  used.  If,  how- 
ever, one  or  two  drops  of  litmus  solution  be  added  to  the  solution 
of  these  acids  in  potassium  hydroxide,  which  has  been  rendered  neutral 
to  phenolphthalein  by  hydrochloric  acid,  a  distinctly  blue  coloration 
is  produced.  On  adding  more  hydrochloric  acid,  the  blue  coloration 
changes  gradually  to  red,  and  the  solution  appears  to  become  neutral 
to  litmus  only  when  sufficient  hydrochloric  acid  is  added  to  neutralise 
one  half  of  the  potassium  hydroxide,  which  was  equivalent,  as  shown 
by  phenolphthalein,  to  the  tetracarboxylic  acid  present.  While  the 
salts  of  dimethyl-  and  diethyl-butanetetracarboxylic  acid  were  quadri- 
basic, those  prepared  in  the  same  way  from  dicetylbutanetetra- 
carboxylic  acid,  like  those  of  dibenzylbutanetetracarboxylic  acid, 
were  found  to  be  bibasic.* 

*  As  regards  the  action  of  indicators,  it  lias  been  shown  that  the  quadribasic  potas- 
sium salts  of  dimethyl-,  diethyl--,  and  dicetyl-butanetetracarboxylic  acid  are  neutral  to 
phenolphthalein  but  alkaline  to  litmus,  and  that,  on  titrating  these  acids,  when  using 
litmus  as  the  indicator,  the  points  of  neutralisation  are  found  to  be  very  indefinite. 
Dibenzylbutanetetracarboxylic  acid,  on  the  other  Land,  acts  as  a  bibasic  acid,  both 
towards  litmus  and  phenolphthalein.  To  illustrate  further  the  difference  in 
behaviour  of  indicators,  reference  may  be  made  to  a  systematic  investigation  of  the 
use  of  litmus,  methyl-orange,  and  phenolphthalein  as  indicators,  which  was  carried 
out  by  Smith  in  1883  (Chem.  News,  1883,  47,  136).  The  following  table  is  com- 
piled from  his  results. 


Oxalic. 

Acetic. 

Tartaric. 

Citric. 

Methyl-orange.  . 
Litmus  

low  results 
sharp 
sharp 

very  low  results 
indefinite 

sharp 

very  low  results 
indefinite 
sharp 

very  low  results 
indefinite 
sharp 

Phenolphthalein 

En  gel  (Compt.  rend.,  1886,  102,  262),  too,  has  shown  that  when  a  solution  of 
phosphoric  acid  is  tritrated,  it  appears  to  be  monobasic  if  methyl-orange  is  used  as 
the  indicator,  but  bibasic  with  phenolphthalein.  and  tribasic  with  Poirier's  soluble 
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When  heated  at  200 — 210°,  the  disubstituted  butanetetracarboxylic 
acids  readily  lose  2  mols.  of  carbonic  anhydride,  yielding  disub 
stituted  adipic  acids. 

The  study  of  these  disubstituted  adipic  acids  is  especially  interest- 
ing in  view  of  the  recent  work  of  Bischoff,  Auwers  and  Victor  Meyer 
Zelinsky,  Perkin,  and  others,  on  the  isomerism  of  aa-disubstituted 
acids  in  the  succinic,  glutaric,  and  pimelic  series. 

The  symmetrical  disnbstituted  succinic  acids  (Leuchart,  Ber.,  18, 
2348;  Zelinsky,  Ber.,  21,  3170;  Bischoff  and  Voit,  Ber.,  20,  2988; 
Hell  and  Rothberg,  Ber.,  22,  66;  Bischoff  and  Yoit,  Ber.,  22,  389  ; 
Bischoff  and  Hjelt,  Ber.,  21,  2089,  2097,  2102 ;  Bischoff,  Ber.,  20, 
2988 ;  Hjelt,  Ber.,  20,  3078  ;  Bischoff  and  Mintz,  Ber.,  23,  650 ;  Buit- 
chichin  and  Zelinsky,  Abstr.,  1889,377;  1890,  740)  are  found  to  exist 
in  two  well  marked  isomeric  forms  ;  for  instance,  two  dimethyl  succinic 
acids  are  known,  melting  at  123 — 124°  and  192°,  and  two  diethylsuc- 
cinic  acids,  melting  at  129°  and  192°.  The  isomerism  of  the  disub- 
stituted  glutaric  acids  is,  apparently,  not  so  pronounced  as  that  of  the 
disubstituted  succinic  acids ;  of  the  dialkyl-glutaric  acids  (Zelinsky, 
Ber.,  22,  2823  ;  Bischoff,  Ber.,  23,  1465  ;  Bischoff  and  Mintz,  Ber., 
23,  649  ;  Auwers  andKobner,  Ber.,  24,  1933  ;  Guthzeit  and  Dressel, 
Annalen,  258,  171),  the  dimethyl  derivatives  alone  have  been  sepa- 
rated into  two  distinct  modifications,  melting  at  102 — 104°  and  128° 
respectively.  A  number  of  disubstituted  pimelic  acids  (Perkin  and 
Prentice,  Trans.,  1891,  59,  818)  have  been  prepared,  but  in  no  case 
could  a  separation  into  two  isomerides  be  satisfactorily  accomplished  ; 
it  was,  however,  frequently  noticed  that  the  melting-points  of  the 
acids  were  not  so  sharp  as  could  be  desired,  and  there  is  reason  to 
believe  that  these  acids  also  occur  in  two  isomeric  forms,  which  are 
so  similar  in  properties  that  separation  is  a  matter  of  great  difficulty. 

Considerable  interest,  therefore,  attaches  co  the  question  of  isomerism 
in  the  disubstituted  adipic  acids,  as  these  are  intermediate  between 
the  glutaric  and  pimelic  acids.  It  has  been  found  in  the  course  of 
the  present  research  that  these  disubstituted  adipic  acids  invariably 
exist  in  two  modifications,  which  usually  differ  from  one  another  in  a 

blue.  He  also  showed  that  boric  acid  is  neutral  to  methyl -orange,  feebly  acid  to 
litmus  or  phenolphthalein,  and  acid  to  soluble  blue.  From  these  instances,  it 
appears  that  litmus  is  liable  to  give  lower  results  than  phenolphthalein,  and  in  the 
case  of  litmus  the  final  colour  change  is  usually  very  indefinite. 

It  also  is  evident  that  any  knowledge  of  the  basicity  of  an  acid  obtained  by 
titration  is  only  relative  to  the  nature  of  the  indicator  employed,  and,  further,  when 
a  polybasic  acid  has  been  only  partially  neutralised,  its  acid  function  may  be 
enfeebled  altogether  out  of  proportion  to  the  amount  of  base  which  has  been  added 
to  it.  This  raises  the  wider  question  of  the  basicity  of  polybasic  acids,  and  of 
their  affinity  as  a  function  of  the  affinities  of  the  groups  which  they  contain. 
(See  "  Note  on  the  Affinities  of  Polybasic  Acids,"  this  vol.,  p.  1024.) 
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very  marked  manner  in  melting-point,  solubility,  and  other  physical 
properties. 

For  instance,  the  dimethyladipic  acids  melt  at  70 — 72°  and 
142°,  the  diethyl  at  51—53°  and  136°,  the  dibenzyl  at  152° 
and  211 — 213°.  It  is  remarkable  that  the  isomerism  of  these 
disubstituted  acids  is  as  pronounced  in  the  adipic  series  as  in  the  suc- 
cinic,  whilst  in  the  intermediate  glutaric  series  it  is  much  less  noticeable. 
Of  these  derivatives  of  adipic  acid,  the  dimethyl  alone  have  pre- 
viously been  obtained  (Zelinsky,  Ber.,  24,  3997),  through  the 
hydrolysis  of  ethylic  dicyanodimethyladipate  with  sulphuric  acid,  as 
represented  by  the  equation — 

9H3  CH3  CH3  CH3 

CN-C-CH/CHVC-CN      +  6H20  =  HC-CH2-CH2-CH       +  2EtOH 
COOEt        COOEt  COOH        COOH 

+  2NH3  +  2C02. 

It  is  a  well-known  fact  that  whilst  oxalic  acid,  or  malonic  acid  and 
its  alkylic  derivatives,  do  not  form  internal  anhydrides,  the  formation 
of  an  anhydride  occurs  readily  in  the  case  of  succinic  acid,  and  it  is 
exceedingly  interesting  that  the  introduction  of  alkylic  groups  much 
increases  the  tendency  to  form  anhydrides  (BischofE  and  Mintz,  Ber., 
23,  620  and  656  ;  Auwers  and  Jackson,  Ber.,  23,  1614)  ;  for  instance, 
dimethylsuccinic  acid  yields  an  anhydride  much  more  readily 
than  succinic  acid,  and  again  anhydride  formation  takes  place 
more  readily  in  the  alkylic  derivatives  of  glutaric  acid  than  in  the 
case  of  the  acid  itself.  Now  adipic  acid  does  not  form  an  anhydride, 
but  the  introduction  of  methyl  or  other  groups  appears  to  increase 
the  tendency  to  form  an  anhydride,  and  Manasse  and  Rupe  (Ber., 
27,  1818  ;  1894)  have  very  recently  succeeded  in  obtaining  the 
anhydride  of  /3-methyladipic  acid ;  it  is  noteworthy  that  it  is 
very  unstable,  and  reverts  to  the  acid  on  long  exposure  to 
the  air.  The  disubstituted  adipic  acids,  described  in  the  following 
pages,  when  heated  with  acetyl  chloride  in  sealed  tubes,  in  no  case 
gave  an  anhydride ;  in  view,  however,  of  the  work  of  Manasse  and 
Rupe  (loc.  cit.},  it  is  possible  that  sufficient  precautions  were  not  taken 
to  prevent  the  access  of  moisture  from  the  air  during  the  working  up 
of  the  product ;  further  experiments  are  in  progress  to  decide  this 
point. 

Whilst,  however,  no  anhydride  was  formed  on  heating  the  disubsti- 
tuted adipic  acids  in  sealed  tubes  with  acetyl  chloride,  it  was  found 
that,  whether  the  higher-melting  or  lower-melting  modification  was 
employed,  a  partial  conversion  of  the  one  into  the  other  was  effected, 
the  product  consisting  of  a  mixture  of  the  two.  Similarly, 
when  the  symmetrical  disubstituted  succinic  acids  (Bischolf  and 
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Mintz,  Ber.,  23,  656)  are  heated  in  sealed  tubes  at  200°,  in  each  case 
a  mixture  of  the  two  modifications  of  the  acid  is  formed.  A  similar 
conversion  can  be  effected  in  the  case  of  the  dimethyl  glutaric  acids 
(Zelinsky  and  Besredka,  Ber.,  24,  465  ;  Auwers  and  Kobner,  Her., 
24,  1933). 

It  remains  to  refer  to  the  theories  which  have  been  advanced  to 
account  for  the  two  modifications  of  these  symmetrical  aa-disubsti- 
tuted  dicarboxylic  acids.  From  the  close  analogy  between  the  con- 
stitution of  a  symmetrical  aa-dialkylsuccinic  acid  and  that  of  a 
tartaric  acid,  each  containing  a  pair  of  asymmetric  carbon  atoms, 
according  to  one  view  (Bischoff  and  Walden,  Ber.,  22,  1819),  it  has 
been  held  that  any  two  isonieric  symmetrical  disubstituted  succinic 
acids  correspond  to  the  two  inactive  tartaric  acids,  the  one  being 
inactive  through  intramolecular  compensation  of  right-  and  left- 
handed  groups,  whilst  the  other  consists  of  a  mixture  of  equal 
quantities  of  the  active  right-  and  left-handed  acids.  If  this  is  so,  it 
should  be  possible  to  resolve  one  or  other  of  the  two  substituted 
succinic  acids  into  two  active  constituents.  The  chief  objection  which 
this  theory  has  to  meet  is  that  hitherto  in  no  case  has  this  resolution 
into  active  forms  been  accomplished,  although  repeated  attempts 
have  been  made  in  the  case  of  the  substituted  succinic  acids  (Bischoff 
and  Walden,  loc.  cit.}. 

As  a  result  of  this  failure,  a  theory  has  been  widely  entertained  of 
late,  which  draws  an  analogy  between  the  saturated  molecules  of  two 
isomeric  symmetrical  disubstituted  succinic  acids  and  the  unsaturated 
molecules  of  fumaric  and  maleic  acids.  According  to  this  view,  it  is 
held  that  whilst,  in  general,  a  singly-bound  atom  or  group  can  freely 
rotate,  yet,  under  some  circumstances,  certain  saturated  molecules 
can  be  fixed  in  different  phases.  Thus,  it  is  held  that  the  disubsti- 

CHR-COOH 
tuted  succmic  acids    i          ^.^^TT  may  exist  in  two  so-called  stereo- 


chemical  isomerides,  of  which  the  acid  of  lower-melting  point  usually 
gives  an  anhydride,  and  is  therefore  called  the  maleinoid  or  cis 
modification,  whilst  the  acid  of  higher-melting  point  is  incapable  of 
forming  an  anhydride,  and  is  named,  on  that  account,  the  fumaroid 
or  trans-modification.  These  two  modifications  may  be  represented 
thus. 

?  ? 

R-(j>COOH  R-C-COOH 

R-OCOOH  COOH-C-R 

H  H 

Maleinoid  or  cis.  Fuinaro'id  or  trans. 


The   isomerism    in    question,    therefore,    according   to   this  view, 
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depends  on  the  fixation  of  carbon  atoms  united  by  single  bonds, 
and  the  acceptance  of  this  view  involves  the  removal  of  one  of  the 
fundamental  ideas  of  van't  Hoff's  theory. 

A  third  theory  —  known  as  the  theory  of  dynamical  isomerism  —  has 
been  advanced  by  Bischoff  (Ber.,  23,  624),  but  as  the  compounds 
which  led  him  to  adopt  it  have  since  been  found  not  to  exist 
(Auwers  and  Jackson,  Ber.,  23,  1606),  it  has  not  met  with  general 
acceptance. 

It  only  remains  to  add,  before  proceeding  to  describe  these 
derivatives  in  detail,  that  no  attempt  has  yet  been  made  to  resolve 
any  of  the  dialkyladipic  acids  into  active  forms. 

EXPERIMENTAL. 

7  CH2-CH(COOH)2 

ButanetetracarboxyUc  ac^d, 


As  it  appeared  interesting  to  endeavour  to  obtain  this  acid  for 
comparison  with  the  other  tetracarboxylic  acids  described  in  this 
paper,  pure  ethylic  butanetetracarboxylate  (1  mol.)  was  hydrolysed 
by  boiling  it  for  six  hours  with  a  solution  of  barium  hydroxide 
(8  mols.),  and  the  crystalline  precipitate  of  the  barium  salt  collected 
upon  a  filter,  washed  with  water,  and  decomposed  with  sulphuric 
acid.  After  the  slight  excess  of  sulphuric  acid  had  been  carefully 
precipitated  with  barium  hydroxide,  the  clear  aqueous  solution  of  the 
carboxylic  acid  was  evaporated  first  on  the  water-bath,  and  then  over 
sulphuric  acid  ;  in  two  days,  it  had  crystallised  in  part  in  a  mass  of 
prismatic  needles.  These  were  separated  from  the  mother-liquor, 
spread  on  a  porous  tile,  and  after  drying  further  over  sulphuric 
acid,  were  found  to  melt  gradually  between  140°  and  160°. 

0-1618  gave  0'2520  C02,  and  0'0712  H20  ;  C  =  42'47  ;  H  =  4'88. 
C8H1008  requires  C  =  41'03  ;  H  =  4'27  per  cent. 
C7H1006       „         C  =  44-21;  H  =  5'26 

As  the  analysis  appeared  to  indicate  that  a  mixture  of  the  tetra- 
carboxylic and  tricarboxylic  acids  had  been  formed,  an  attempt  was 
made  to  isolate  the  tetracarboxylic  acid  from  the  mother  liquor  re- 
ferred to  above.  The  aqueous  solution  was  evaporated  further  until 
a  second  crop  of  crystals  had  been  deposited;  the  small  quantity  of 
mother  liquor  still  remaining  was  poured  off  from  this,  and  evapor- 
ated over  sulphuric  acid  until  it  had  completely  solidified  to  a  porce- 
lain-like mass  ;  this  product  was  found  to  melt  gradually,  and 
evolved  carbonic  anhydride  between  115°  and  148°  ;  at  the  latter 
temperature  adipic  acid  melts,  being  formed  from  the  carboxylic  acids 
by  elimination  of  carbonic  anhydride. 
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0-1567  gave  0'2471  C02,  and  0'0734  H20  ;  C  =  43  '00 ;  H  =  5 -20 
per  cent. 

A  silver  salt  was  prepared  by  pouring  a  neutral  solution  of  the  am- 
monium salt  into  a  large  excess  of  silver  nitrate  solution  and  shaking 
well ;  the  white  precipitate  was  collected  on  a  filter,  well  washed,  and 
dried  first  on  a  porous  tile,  and  then  over  sulphuric  acid. 

0-3022  gave  0-1921  silver ;  Ag  =  63'06. 

0-1074    „      0-0953  C02  and  0-0211  H20  ;  C  =  15'15  ;  H  =  1-36. 

C8H608Ag4  requires  Ag  =  65'23  ;  C  =  14-50;  H  =  0'91. 

C7H706Ag3        „        Ag  =  63-40;  C  =  16-44;  H  =  1-36. 

It  appears,  therefore,  that  the  butanetetracarboxylic  acid,  obtained 
by  the  hydrolysis  of  its  ethylic  salt  with  excess  of  barium  hydroxide,  is 
somewhat  unstable,  and  tends  to  part  with  one  molecule  of  carbonic 
anhydride,  with  formation  of  butanetricarboxylic  acid.  This 
instability  of  butanetetracarboxylic  acid  is  in  accordance  with  the 
character  of  its  homologues.  Conrad  and  Bischoff  (Annalen,  214, 
71)  have  shown  that  ethanetetracarboxylic  acid  on  hydrolysis  with 
potassium  hydroxide  gives  ethanetricarboxylic  acid ;  Buchner  (Ber., 
25,  1157),  however,  found  that  the  stability  of  the  acid  depends 
much  on  the  concentration  of  the  alkali,  and  if  dilute  sodium 
hydroxide  be  used,  ethanetetracarboxylic  acid  may  be  isolated. 
Propanetetracarboxylic  acid  has  been  obtained  by  Kleber  (Annalen, 
246,  107),  who  found  that  on  slightly  warming  the  aqueous  solution 
of  the  acid,  it  is  decomposed  with  evolution  of  carbonic  anhydride. 
The  hydrolysis  of  ethylic  butanetetracarboxylate  with  alcoholic  potash 
has  been  carried  out  by  Perkin  (Trans.,  1887,  51,  19),  and  there 
was  evidence  of  a  partial  conversion  of  the  tetracarboxylic  acid  into 
the  tricarboxylic  acid  ;  Perkin  and  Prentice  (Trans.,  1891,  59,  824), 
when  hydrolysing  ethylic  pentanetetracarboxylate  with  alcoholic 
potash,  obtained  a  similar  result. 

This  mixture  of  butanetetracarboxylic  acid  and  butanetricarboxylic 
acid  is  extremely  soluble  in  water,  giving  a  solution  of  intensely  acid 
character.  It  is  also  very  readily  soluble  in  ether,  and  in  methylic 
or  ethylic  alcohol,  but  insoluble  in  benzene,  toluene,  or  light 
petroleum. 

A  neutral  solution  of  the  ammonium  salts  gives  but  a  slight  precipi- 
tate in  the  cold  with  barium  chloride :  on  boiling,  however,  a 
copious  white  crystalline  precipitate  of  the  monobarium  salts  is 
thrown  down.  Calcium  chloride  gives  no  precipitate  in  the  cold, 
but  the  calcium  salts  are  precipitated  on  boiling,  and  dissolve  again 
partially  on  cooling.  Ferric  chloride  and  copper  acetate  give  no 
precipitate. 
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A.  Ethylic  Dimethylbutanetetracarboxylate,  I  \ 

CH2*CMe(COOEt)2 

The  quantities  used  in  the  preparation  of  this  substance  were — 

Ethylic  butanetetracarboxylate 35 '0  grams 

Sodium  dissolved  in  60  c.c.  alcohol. . . .        4'6      ,, 
Methylic  iodide 284      „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  sodium 
ethoxide,  and  the  methylic  iodide  added  slowly,  since  much  heat  is 
developed ;  it  was  then  heated  on  the  water-bath,  using  a  reflux  con- 
denser, for  about  two  hours,  until  it  no  longer  gave  an  alkaline 
reaction.  Water  was  then  added,  the  product  evaporated,  extracted 
with  ether,  and  the  ethereal  solution  dried  with  calcium  chloride. 
On  distilling  off  the  ether,  and  allowing  the  residual  oil  to  stand 
some  days,  ethylic  dimethylbutanetetracarboxylate  crystallised  out  in 
beautiful  prisms.  It  was  collected  on  a  filter,  and  washed  with  a 
little  ether.  For  analysis,  a  portion  was  dried  at  100°,  and  allowed 
to  solidify. 

0-1553  gave  0'3290  C02  and  0-1184  H20.     C  =  5775;  H  =  8'04 
C18H3o08  requires  C  =  5 7' 75  ;  H  =  8'02  per  cent. 

The  mother  liquors  from  this  substance,  on  standing,  deposited  a 
less  pure  product,  which  was  used  in  the  subsequent  preparation  of 
the  dimethyladipic  acids. 

Ethylic  dimethylbutanetetracarboxylate  crystallises  in  beautiful, 
thick,  four-sided  prisms,  melts  at  54°,  and  is  readily  soluble  in  ether, 
methylic  and  ethylic  alcohols,  benzene,  and  toluene.  It  dissolves 
readily  in  warm  light  petroleum,  and  crystallises  out  again  on 
cooling. 


Dimethylbutanetetracarboxylic  acid, 


!H2-CMe(COOH) 


JH2-CMe(COOH)2' 

Ethylic  dimethylbutanetetracarboxylate  is  not  readily  hydrolysed 
by  barium  hydroxide ;  in  order  to  prepare  the  acid,  the  pure  ethereal 
salt  (1  mol.)  was  digested  for  three  hours  with  an  excess  of  a  solution 
of  pure  potassium  hydroxide  (6  mols.)  in  methylic  alcohol,  in  a  flask 
connected  with  a  reflux  condenser.  The  product  was  evaporated 
nearly  to  dryness,  mixed  with  water,  the  solution  again  evaporated  to 
a  small  bulk  to  remove  the  last  traces  of  alcohol,  acidified  with  hydro- 
chloric acid,  and  extracted  four  times  with  pure  ether.  On  distilling 
off  the  ether,  the  dimethylbutanetetracarboxylic  acid  was  left  as  a 
yellowish  crystalline  mass;  this  was  purified  by  dissolving  it  in  a 
little  water,  and  allowing  the  solution  to  evaporate  slowly  over 
sulphuric  acid  in  a  vacuum,  when  the  pure  acid  gradually  crystallised 
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oat  as  a  mass  of  minute  white  needles.  These  were  collected,  dried 
on  a  porous  tile,  and  over  sulphuric  acid  in  a  vacuum,  and  analysed 
with  the  following  result. 

0-1014  gave  0'1698  C02  and  0'0528  H20 ;  C  =  45'67 ;  H  =  5'78. 
C10HU08  requires  C  =  45'SO ;  H  =  5'35  per  cent. 

Dimethylbutanetetracarboxylic  acid  is  deposited  as  a  felted  mass 
of  minute  needles  on  slowly  evaporating  its  concentrated  aqueous 
solution.  It  decomposes  at  200°  with  evolution  of  carbonic  an- 
hydride, is  readily  soluble  in  ether  and  in  methylic  or  ethylic 
alcohol,  but  insoluble  in  benzene,  toluene,  and  light  petroleum. 

The  basicity  of  the  acid  was  determined  by  titration  with  deci- 
normal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

Q'1763  gram  of  substance  required  0'1480  gram  of  KOH  for  neutra- 
lisation, phenolphthalein  being  used  as  the  indicator  :  the  final  colour 
change  was  sharp.  Aquadribasic  acid  of  the  formula C6H10(COOH)4  re- 
quires 0-1507  gram  of  KOHtoform  a  salt  of  theformulaC6Hi0(COOK)4. 
On  adding  one  or  two  drops  of  litmus  solution  to  the  solution  of  the 
quadribasic  salt,  which  was  neutral  as  indicated  by  phenolphthalein, 
there  was  a  very  distinct  blue  coloration,  which  only  gradually 
became  red  on  running  in  hydrochloric  acid.  It  appears,  therefore, 
that  dimethylbutanetetracarboxylic  acid  forms  quadribasic  salts,  which 
are  neutral  to  phenolphthalein,  but  alkaline  to  litmus. 

Silver  Salt,  CioH1008Ag4. — The  acid  was  dissolved  in  dilute 
ammonia,  and  the  solution  placed  over  sulphuric  acid  in  a  vacuum. 
As  soon  as  it  was  only  slightly  alkaline  to  litmus  it  was  poured  into 
a  large  excess  of  silver  nitrate  solution  in  a  flask,  and  the  mixture 
well  shaken.  The  white  precipitate  was  collected  on  a  filter,  well 
washed  with  water,  and  dried  on  a  porous  tile  and  over  sulphuric 
acid  in  a  vacuum. 

Analysis  proved  the  salt  to  be  quadribasic. 

0-1048  gave  0-0650  Ag;  Ag  =  62-02. 

Ci0H1008Ag4  requires  Ag  =  62'60  per  cent. 

If  a  solution  of  calcium  chloride  is  added  to  a  cold  neutral  solution 
of  the  ammonium  salt  no  precipitate  is  formed,  but  on  heating  a 
crystalline  precipitate  of  the  calcium  salt  is  thrown  down. 


PTT  . 

Dimethyladipic  acids,  \ 

CH2* 


CHMe-COOH 
2-CHMe-COOIT 


When  heated  with  sulphuric  acid,  ethylic  dimethylbutanetetra- 
carboxylate  is  readily  hydrolysed,  but  at  the  same  time  it  loses  2  mols. 
of  carbonic  anhydride  and  yields  a  mixture  of  dimethyladipic  acids. 
The  ethereal  salt  was  therefore  heated  on  a  sand-bath  in  a  reflux 
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apparatus  with  equal  parts  of  sulphuric  acid  and  water  for  about 
three  hours.  On  allowing  the  mixture  to  cool,  a  considerable  quantity 
of  dimethyladipic  acid  crystallised  out. 

Isolation  of  the  modification  of  higher-melting  point. — The  acid  which 
had  crystallised  on  cooling  was  washed  with  a  little  water,  dis- 
solved in  a  solution  of  sodium  carbonate,  boiled  with  animal  charcoal, 
and  filtered ;  the  filtrate  was  then  acidified  with  hydrochloric  acid, 
and  the  dimethyladipic  acid  which  separated,  collected  on  a  filter, 
washed  with  a  little  water,  and  recrystallised  from  water.  This  acid 
melted  at  130 — 135°,  and  as  it  was  found  to  be  only  sparingly 
soluble  in  boiling  benzene,  it  was  digested  two  or  three  times  with 
small  quantities  of  boiling  benzene,  and  the  benzene  solution  in  each 
case  poured  off  as  completely  as  possible.  The  acid  which  still 
remained  undissolved  was  recrystallised  from  water,  and  dried  at 
100°.  It  was  then  found  to  melt  sharply  at  142°. 

Analysis  showed  it  to  consist  of  pure  dimethyladipic  acid. 

01504  gave  0'1129  H20  and  0'3053  C02;  C  =  55'36 ;  H  =  S'34. 
C8H1404  requires  C  =  55' 18  ;  H  =  8'04  per  cent. 

This  acid  has  already  been  prepared  by  Zelinsky  (Ber.,  24,  3997), 
by  the  hydrolysis  of  ethylic  dicyanodimethyladipate. 

Isolation  of  the  modification  of  lower-melting  point. — The  hot  benzene 
solutions  obtained  in  the  isolation  of  the  modification  of  dimethyl- 
adipic acid  of  higher- melting  point,  on  cooling,  deposited  crystals  which 
consisted  chiefly  of  this  modification.  When  these  were  removed, 
and  the  benzene  evaporated  on  the  water-bath,  a  yellowish,  viscid 
oil  was  obtained,  which  crystallised  completely  on  cooling,  and  melted 
at  80 — 90°.  It  was  digested  with  a  small  quantity  of  cold  benzene, 
the  solution  filtered  from  undissolved  matter,  and  the  benzene 
evaporated ;  the  crystalline  residue,  on  being  again  submitted  twice 
to  the  same  treatment,  left  a  nearly  colourless  crystalline  mass 
which  melted  at  70 — 72°,  and  was  found  by  analysis  to  consist  of 
pure  dimethyladipic  acid. 

0-1383  gave  0'2805  C02  and  0-1028  H20  ;  C  =  55'31 ;  H  =  8'26. 
C8H14O4  requires  C  =  55 '18  ;  H  =  8'04  per  cent. 

Zelinsky  (Zoc.  cit.),  who  separated  the  two  isomeric  dimethyl- 
adipic acids  by  recrystallisation  from  water,  gives  the  melting-point 
of  this  dimethyladipic  acid  as  74 — 76°.* 


*  Since  the  printing  of  the  thesis,  Zitzing  (Ber.t  27,  1578 ;  1894)  has  described 
the  preparation  of  ethylic  dim ethylbutanetetracarboxy late  by  the  action  of  ethylenic 
dibromide  on  the  rnonosodium  derivative  of  ethylic  methylmalonate,  and  he  has  pre- 
pared from  it  dimethylbutanetetracarboxylic  acid  and  two  dimethyladipic  acids. 
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CH2-CEt(COOEt)2 

B.  Ethylic  Diethylbutanetetracarloxylate,   \       ^-^J^^^-^.x  . 


The  following  quantities  were  employed  in  the  preparation  of  this 
substance  : 

Ethylic  butanetetracarboxylate  ......      70'0  grams 

Sodium  dissolved  in  120  c.c.  alcohol  .       9'2       „ 
Ethylic  iodide  ....................      70'0       „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  sodium 
ethoxide,  and  the  ethylic  iodide  added  cautiously  with  constant 
cooling,  as  much  heat  is  evolved  ;  the  mixture  was  then  heated  for 
two  hours  on  the  water-bath,  using  a  reflux  condenser,  and  to  ensure 
the  completion  of  the  action  a  little  more  ethylic  iodide  was  added, 
and  the  digestion  continued  for  two  hours  longer. 

The  product,  mixed  with  water  and  evaporated  to  remove  alcohol, 
gave  a  beautifully  crystalline  cake  on  cooling  ;  this  was  separated 
from  the  mother  liquor,  dissolved  in  ether,  and  the  ethereal  solution, 
after  being  well  washed  with  water,  was  dried  with  calcium  chloride. 
On  slowly  evaporating  the  ethereal  solution,  the  ethylic  diethyl- 
butanetetracarboxylate  separated  in  fine  silky  needles. 

For  analysis,  the  ethereal  salt  was  recrystallised  from  ether,  heated 
in  a  steam-oven  to  fusion,  and  allowed  to  solidify. 

01307  gave  0'2865  C02  and  0-1030  H20  ;  C  =  5978  ;  H  =  8'76. 
C2oH3408  requires  C  =  59'  70;  H  =  8'45  per  cent. 

Ethylic  diethylbutanetetracarboxylate  crystallises  from  ether  in  fine 
silky  needles,  which  melt  at  about  93  —  94°.  It  is  readily  soluble  in 
hot  methylic  or  ethylic  alcohol,  and  crystallises  out,  on  cooling,  in 
fine  needles.  It  is  also  readily  soluble  in  cold  benzene  and  toluene, 
and  crystallises  well  from  hot  light  petroleum. 

,  CH2-CEt(COOH)2 

D^ethylbutanetetracarboxyl^c  ac^d) 


Diethylbutanetetracarboxylic  acid  was  obtained  by  the  hydrolysis 
of  its  ethereal  salt  with  barium  hydroxide.  As  this  takes  place  with 
some  difficulty,  the  ethylic  salt  was  heated  with  twice  the  theoretical 
amount  of  barium  hydroxide,  for  two  days  on  the  sand-bath,  using  a 
reflux  condenser  ;  during  the  action,  a  strong  menthol-like  odour  was 
observed.  When  the  hydrolysis  was  complete,  the  heavy  crystalline 
precipitate  of  barium  diethylbutanetetracarboxylate  was  collected, 
and,  after  being  washed  with  a  little  water,  was  ground  up,  suspended 
in  water,  and  boiled  for  two  hours  with  a  slight  excess  of  sulphuric 
acid  so  as  to  set  free  the  diethylbutanetetracarboxylic  acid.  The 
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excess  of  sulphuric  acid  was  exactly  precipitated  with  barium  hydr- 
oxide, and  the  aqueous  solution  evaporated  to  a  small  bulk  on  the 
water-bath ;  as  the  concentration  proceeded,  the  acid  crystallised  in 
beautiful  slender  needles;  these  were  collected  on  a  filter,  washed 
with  a  little  water,  and  spread  on  a  porous  plate.  On  determining 
their  melting-point,  the  acid  frothed  up  in  the  capillary  tube,  and 
decomposed  at  207 — 209°.  After  recrystallisation  from  water,  the 
decomposing-point  was  unchanged.  For  analysis,  the  crystals  were 
dried  at  100°. 

01442  gave  0-2619  C02  and  0'0850  H20  ;  C  =  49'53  ;  H  =  6'54. 
C12H1808  requires  C  =  49'66 ;  H  =  6'20. 

It  is  remarkable  that  diethylbutanetetracarboxylic  acid  is  only 
sparingly  soluble  in  water,  whereas  the  corresponding  dimethyl- 
butanetetracarboxylic  acid  is  so  very  readily  soluble.  It  crystallises 
from  its  hot  aqueous  solution  in  needles,  which  decompose  at 
207 — 209°,  with  evolution  of  carbonic  anhydride ;  it  is  soluble  in  ether, 
benzene,  toluene,  and  light  petroleum,  and  readily  in  methylic  or 
ethylic  alcohol. 

The  basicity  of  the  acid  was  determined  by  titration  with  deci- 
normal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

0'2139  gram  of  acid  required  0'0850  gram  of  KOH  for  neutralisa- 
tion, using  litmus  ;  litmus  proved,  however,  a  very  unsatisfactory 
indicator,  as,  after  dissolving  the  acid  in  excess  of  alkali,  on  titrating 
back  with  hydrochloric  acid,  the  blue  tint  changed  only  gradually 
to  red.  An  acid  of  the  formula  C8HU(COOH)4  would  require  0'0826 
gram  of  KOH  to  form  the  bibasic  salt,  C8H14(COOH)2(COOK)2. 

A  determination  was  also  made  in  which  phenolphthalein  was  used 
as  the  indicator. 

0'2114  gram  of  acid  required  0'1656  gram  of  KOH  for  neutralisa- 
tion. An  acid  of  the  formula  C8H14(COOH)4,  would  require  01632 
gram  of  KOH  to  form  the  quadribasic  salt,  C8H14(COOK)4.  The  solu- 
tion of  the  acid  in  potassium  hydroxide,  after  it  had  been  neutralised 
with  hydrochloric  acid  as  shown  by  phenolphthalein,  was  coloured 
distinctly  blue  on  the  addition  of  one  or  two  drops  of  litmus  solution. 

It  appears,  therefore,  that  diethylbutanetetracarboxylic  acid,  like 
dimethylbutanetetracarboxylic  acid,  forms  quadribasic  salts,  which 
are  neutral  to  phenolphthalein,  but  alkaline  to  litmus,  the  bibasio 
salt  being  neutral  to  litmus. 

Silver  salt,  C12H1408Ag4. — This  was  prepared  exactly  in  the  manner 
described  on  p.  1005,  but  it  was  found  impossible  to  analyse  it  by 
ignition  in  a  combustion  furnace  or  in  a  crucible,  as  it  decomposes 
with  a  rapidity  which  is  almost  explosive.  The  silver  was  therefore 
estimated  as  silver  chloride.  Analysis  proved  the  salt  to  be  quadri- 
basic. 
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0-1180  gave  0'0935  AgCl  ;  Ag  =  59'57. 
Ci2Hi608Ag2  requires  Ag  =    42*86  per  cent. 
C12Hu08Ag4          „          Ag  =  6017  per  cent. 

The  silver  salt  decomposes  slowly  on  exposure  to  light. 

Calcium  salt,  C12Hu08Ca2  +  5H20  (?).  —  If  calcium  chloride  is 
added  to  a  cold  neutral  solution  of  ammonium  diethylbutanetetra- 
carboxylate  there  is  no  precipitate,  but,  on  boiling,  a  white  micro- 
crystalline  precipitate  of  the  calcium  salt  is  at  once  thrown  down  ; 
this  was  collected  on  a  filter,  and  dried  on  a  porous  plate.  For 
analysis,  the  salt  was  dried  by  exposure  to  the  air  for  four  days. 

As  the  quantity  available  for  analysis  was  very  small,  it  was  impos- 
sible to  determine  the  water  of  crystallisation  accurately.  An  estima- 
tion of  the  calcium  proved  the  salt  to  be  tetrabasic,  and  indicated 
that  it  probably  contains  5  mols.  of  water  of  crystallisation.  Heated 
at  150°,  the  calcium  salt  lost  more  than  15  per  cent,  in  weight, 
through  the  elimination  of  a  portion  of  its  water  of  crystallisation. 
It  did  not  decompose  when  heated  to  160°. 

0-1083  gave  0'0630  CaS04  ;  Ca  =  1M1. 
C12H1608Ca  requires  Ca  =  12'19. 
C12H1408Ca2  +  5  H20  requires  Ca  =  17'54  ;  H20  =  19'53  per  cent. 

CH2-CHEt-COOH 


In  order  to  prepare  these  acids,  the  pure  diethylbutanetetracarb- 
oxylic  acid  was  heated  in  an  oil-bath  at  210°  until  the  evolution  of 
carbonic  anhydride  had  completely  ceased.  On  cooling,  the  product 
solidified  to  a  brownish  crystalline  cake. 

Isolation  of  the  modification  of  higher-melting  point.  —  This  brownish 
product  was  digested  with  boiling  water,  filtered  while  hot,  and 
allowed  to  cool,  when  a  considerable  quantity  of  diethyladipic  acid 
crystallised  out  in  fine  white  needles  ;  this,  when  separated  from  the 
mother-liquor,  and  dried  on  a  porous  plate,  was  found  to  melt  at 
122  —  129°  ;  after  three  more  crystallisations  the  crystals  melted 
sharply  at  136°,  and  the  melting-point  was  not  altered  by  further 
crystallisation.  An  analysis  proved  it  to  be  pure  diethyladipic  acid. 

0-1503  gave  0-3257  C02  and  0'1178  H20  ;  C  =  59'10  ;  H  =  870. 
C10H1804  requires  C  =  59'40  ;  H  =  8'92  per  cent. 

Isolation  of  the  modification  of  lower-melting  point.  —  This  proved  to 
be  a  matter  of  greater  difficulty.  The  aqueous  mother-liquors,  ob- 
tained in  the  isolation  of  the  acid  melting  at  136°,  were  extracted 
three  times  with  ether,  and  the  ethereal  solution  evaporated  ;  the 
yellowish  oily  residue  after  a  time  deposited  a  few  stellate  groups  of 


1010   LEAN:  HOMOLOGUES  OF  BUTANETETRACARBOXYLIC  ACID 

crystals,  and  at  the  end  of  two  days  the  oil  had  completely  solidi- 
fied. A  small  portion,  after  drying  on  a  porous  plate,  was  found  to 
melt  at  55 — 105°.  The  solubilities  of  this  crude  product,  and  of  the 
pure  acid  melting  at  136°,  in  various  solvents,  were  then  carefully 
compared,  and  it  was  found  that  the  former  was  readily  soluble  in 
cold  benzene,  whilst  the  acid  melting  at  136°  was  only  sparingly 
soluble  in  boiling  benzene.  Accordingly,  the  crude  acid  melting  at 
55 — 105°  was  ground  up  and  digested  with  cold  benzene,  and  the 
solution  filtered  from  a  small  quantity  of  undissolved  acid,  which, 
after  drying,  melted  at  130 — 132°.  The  benzene  solution  evaporated 
on  the  water-bath,  yielded  a  yellowish  viscid  mass,  which  crystallised 
when  exposed  over  sulphuric  acid  in  a  vacuum;  it  melted  at 
45 — 60°  after  it  had  been  left  on  a  porous  plate  for  a  time.  The 
product  was  again  digested  with  cold  benzene,  and  the  solution 
worked  up  in  the  same  manner;  on  repeating  the  process,  using  little 
more  than  its  own  volume  of  benzene,  a  crystalline  mass  was  finally 
obtained  which  melted  at  45 — 46°.  As  the  acid  had  still  a  yellowish 
tint,  an  attempt  was  made  to  purify  it  by  means  of  the  calcium  salt. 
The  acid  was  therefore  digested  with  a  large  volume  of  lime  water, 
and  after  carbonic  anhydride  had  been  passed  through  the  solution, 
the  filtrate  was  concentrated  until  the  greater  portion  of  the  calcium 
salt  had  crystallised,  and  only  about  2  c.c.  of  yellowish  mother- 
liquor  were  left.  The  crystalline  salt  was  collected  on  a  filter,  and 
washed  with  a  little  cold  water.  To  obtain  the  pure  diethyladipic 
acid,  the  calcium  salt  was  dissolved  in  water,  decomposed  with  hydro- 
chloric acid,  and  extracted  with  ether;  the  ethereal  solution  when 
dried  over  anhydrous  calcium  chloride,  evaporated,  and  exposed  in  a 
vacuum  over  sulphuric  acid,  left  a  colourless  oil  which  gradually 
solidified  to  a  mass  of  characteristic  stellate  groups  of  acicular  cry- 
stals melting  at  51 — 53°.  For  analysis,  the  acid  was  heated  to 
fusion  in  a  steam-oven,  and  allowed  to  solidify. 

0-1218  gave  0'2631  C02  and  0'0987  H20  ;  C  =  58-91 ;  H  =  9'00. 
C10H1804  requires  C  =  59'40  ;  H  =  8'92  per  cent. 

Properties  of   the  Diethyladipic  acid  melting  at    136°. — This  acid 
crystallises  in  six-sided  prisms  of  the  following  form. 
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The  silver  salt,  Ci0H1604Ag2,  was  formed  by  dissolving  the  acid  in 
slight  excess  of  ammonia,  and,  after  removing  this  excess  by  eva- 
poration over  sulphuric  acid,  adding  excess  of  silver  nitrate  solution, 
when  the  silver  salt  was  thrown  down  as  a  voluminous  white  precipi- 
tate. This  was  collected  on  a  filter,  washed  with  water,  and  dried 
first  on  a  porous  plate,  and  then  over  sulphuric  acid  in  a  vacuum. 

0-1644  gave  0*0848  Ag ;  Ag  =  51-58. 

Ci0H1604Ag2  requires  Ag  =  51 '92  per  cent. 

The  calcium  salt,  Ci0H1604Ca  +  2H20,  was  also  prepared  by  dissolv- 
ing the  acid  in  a  large  quantity  of  water,  adding  excess  of  calcium 
hydroxide,  and  boiling  the  solution  ;  the  excess  of  calcium  hydroxide 
was  removed  by  passing  carbonic  anhydride  through  the  solution, 
which  was  again  boiled,  filtered,  and  evaporated  on  the  water-bath  ; 
as  the  concentration  proceeded,  calcium  diethyladipate  crystallised 
out  in  beautiful  white  prisms.  It  was  dried  by  exposure  to  the  air 
for  five  days. 

0-3155,  on  drying  at  150°,  lost  0'0398  H20;    the  anhydrous  salt 

so  obtained  gave  0-1613  CaS04;  H20  =  12-61 ;  Ca  =  15'03. 
C10H1604Ca  +  2H20  requires  H20  =  13'04 ;  Ca  =  14-49  per  cent. 

Unfortunately  too  little  of  the  salt  was  left  to  allow  of  a  second 
analysis.  The  calcium  salt  is  very  sparingly  soluble  in  water. 

Properties  of  the  DietJiyladipic  acid  'melting  about  51 — 53°. — This 
acid  crystallises  after  fusion  in  large  sub-octahedral  masses,  com- 
posed of  interlacing  needles,  of  the  following  form. 


The  formation  of  the  calcium  salt  has  already  been  described.  It  is 
more  soluble  in  water  than  the  calcium  salt  of  the  isomeric  acid, 
which  melts  at  136°. 

The  silver  salt>  CioH16OiAg3,  was  formed  by  the  double  decomposition 
of  the  aqueous  solution  of  the  calcium  salt  with  silver  nitrate  solution  ; 
the  precipitate,  after  being  well  washed,  was  dried  on  a  porous  plate 
and  in  a  vacuum  over  sulphuric  acid. 

0-2450  gave  0-2535  C02,  0-0852  H20,  and  0'1276  Ag;  C  =  28'22 ; 
H  =  3-86;  Ag.  =  52-07. 

C10H1604Ag2  requires  C  =  28'84;  H  =  3'84  j  Ag  =  51'92  per  cent. 
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The  solubility  of  the  two  modifications  of  adipic  acid  in  various 
solvents  may  be  conveniently  recorded  in  tabular  form. 


Solvent. 


Solubilities  of  the  two  diethyladipic  acids. 


Diethyladipic  acid  melting 
at  136°. 


Diethyladipic  acid  melting 
at  51—53°. 


Ether 

Methylic  alcohol , 
Ethylic  alcohol  . . 
Benzene 


Toluene. 


Light  petroleum 


Water , 


Keadily  soluble  in  the  cold. 

Readily  soluble  in  the  cold. 

Readily  soluble  in  the  cold. 

Yery  sparingly  soluble;  solu- 
ble in  a  large  quantity  of 
boiling  benzene,  and  preci- 
pitated in  minute  needles 
on  cooling. 

Sparingly  soluble  in  the  cold ; 
readily  soluble  in  hot 
toluene,  and  partially  pre- 
cipitated in  crystals  on  cool- 
ing. 

Insoluble  even  on  boiling. 


Soluble  in  much  cold  water; 
crystallises  from  a  little  hot 
water  on  cooling. 


Readily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 


Readily  soluble  in  the  cold. 


Soluble  with  difficulty  on 
boiling,  and  partially  pre- 
cipitated in  very  minute 
needles  on  cooling. 

Readily  soluble  in  the  cold. 


Attempt  to  prepare  Etliylic  Monethylbutanetetracarboxylate, 
CH2-CH(COOEt)2 
CH2-CEt(COOEt)2 

In  this  communication,  the  preparation  of  several  disubstituted 
derivatives  of  ethylic  butanetetracarboxylate  is  described,  and  it 
appeared  of  interest  to  ascertain  whether  monosubstituted  deriva- 
tives would  be  obtained  if  the  monosodium  derivative  of  this  sub- 
stance were  employed. 

The  following  quantities  were  taken — 

Ethylic  butanetetracarboxylate 35*0  grams. 

Sodium  dissolved  in  30  c.c.  alcohol . . .        2'3       „ 
Ethylic  iodide 15'6       „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  sodium 
ethoxide,  and  the  ethylic  iodide  added  gradually ;  at  first  there  was 
little  evolution  of  heat,  but,  on  shaking,  the  mixture  became  quite 
hot.  It  was  heated  on  the  water-bath  for  2J  hours,  using  a  reflux 
condenser,  the  product  evaporated  on  the  water-bath,  water  added, 
and  the  evaporation  repeated.  The  residue  was  then  extracted 
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three  times  with  ether,  the  ethereal  solution  washed  with  water,  de- 
hydrated with  calcium  chloride,  and  the  ether  evaporated  first  on 
the  water-bath,  and  finally  by  exposure  in  a  vacuum.  In  this  way, 
about  35  grams  of  a  yellowish  oil  were  obtained,  which  deposited 
about  10  grams  of  crystals ;  these  were  separated  from  the  mother- 
liquor  by  filtration  with  the  pump,  and  freed  from  oil  by  spreading 
upon  a  porous  plate.  The  product  melted  at  92 — 93°,  and  after 
repeated  crystallisation  from  methylic  alcohol  the  melting  point  re- 
mained constant  at  93 — 94°.  On  analysis,  it  proved  to  be  ethylic 
diethylbutanetetracarboxylate,  corresponding  with  it  in  melting-point, 
crystalline  form,  and  every  other  respect. 

01641  gave  0'3601  C02  and  O1246  H20  ;  C  =  59'84;  H  =  8'43. 
C18H3008  requires  C  =  5775;  H  =  8'02. 
C20H34O8        „        C  =  5970;  H  =  8'45  per  cent. 

It  is  evident,  therefore,  that  the  main  product  of  the  action  was 
the  diethyl-,  and  not  the  monethyl-derivative  of  ethylic  butanetetra- 
carboxylate. 

To  determine  the  nature  of  the  25  grams  of  yellowish  oil  from  which 
the  ethylic  diethylbutanetetracarboxylate  had  crystallised,  and  which 
should  consist,  if  the  above  conclusion  is  correct,  of  unchanged  ethylic 
butanetetracarboxylate,  together  with  a  certain  amount  of  its  diethyl 
derivative  in  solution,  the  oil  was  hydrolysed  with  barium  hydroxide. 

The  25  grams  of  oil  were  boiled  with  a  concentrated  solution  of 
75  grams  of  barium  hydroxide  for  two  days  ;  a  slight  excess  of  sulph- 
uric acid  was  then  added  to  liberate  the  organic  acids,  and  the 
filtered  solution  extracted  20  times  with  ether.  The  last  15  extracts 
were  worked  up  together,  and,  after  evaporating  the  ether,  gave  a 
nearly-colourless  oil,  which  crystallised  on  standing.  This  product 
was  heated  at  210°  in  an  oil-bath  until  the  evolution  of  carbonic 
anhydride  had  ceased,  and  the  residual  dark-coloured  oil,  which 
solidified  on  cooling,  after  being  spread  on  a  porous  plate,  was  dis- 
solved in  a  little  hot  water,  and  allowed  to  evaporate  slowly  over 
sulphuric  acid;  the  colourless  crystalline  deposit  which  formed  was 
collected,  and  dried  over  sulphuric  acid.  It  melted  at  148°,  and 
consisted  of  pure  adipic  acid,  as  is  shown  by  the  following  analysis. 

0-1441  gave  O2613  CO2  and  0'0901  H20  ;  C  =  49'45 ;  H  =  6'94. 
C6H1004  requires  C  =  49'31 ;  H  =  6'86  per  cent. 

It  appears,  therefore,  that,  under  the  conditions  employed,  ethylic 
monethylbutanetetracarboxylate  is  not  formed,  the  interaction,  on  the 
contrary,  giving  rise  to  ethylic  diethylbutanetetracarboxylate,  one 
half  of  the  ethylic  butanetetracarboxylate  remaining  unchanged. 
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CH2-C(C16H33)(COOEt)2 
C.  Ethylic  Dicetylbutanetetracarboxylate,  ^(^H^coOEtV 

The   following  quantities  were  used  in   the   preparation   of   this 
substance, 

Ethylic  butanetetracarboxylate  ......      35  '0  grams. 

Sodium  dissolved  in  120  c.c.  alcohol  .  .        4'6       ,, 
Cetylic  iodide  ...........    ..........      76'0       „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  cold  solu- 
tion of  sodium  ethoxide,  the  cetylic  iodide  added  cautiously,  and  the 
mixture  well  shaken  ;  no  appreciable  rise  of  temperature  occurred  ; 
the  mixture  was  then  heated  for  six  hours  on  the  water-bath,  using  a 
reflux  condenser.  After  cooling  and  standing  over  night,  a  consider- 
able quantity  of  a  crystalline  powder  had  separated.  The  contents  of 
the  flask  were  mixed  with  water,  gently  heated  on  the  water-bath  to 
remove  alcohol,  and  then  extracted  four  times  with  ether.  The 
ethereal  extract  was  washed  with  water,  dried  with  calcium  chloride, 
and  the  ether  distilled  off,  when  about  60  grams  of  a  dark  oily  liquid 
remained  ;  this,  after  some  days,  deposited  a  considerable  quantity  of 
a  yellowish,  soap-like  mass,  which  was  separated  from  the  oil  by  aid 
of  the  pump,  spread  upon  a  porous  plate,  and  crystallised  once  or 
twice  from  light  petroleum.  The  ethylic  dicetylbutanetetracarb- 
oxylate  was  thus  obtained  pure  in  glistening  white  crystals. 

For  analysis,  the  crystals  were  heated  to  100°. 

0-1092  gave  0'2908  CO2  and  0-1117  H20  ;  C  =  72'62;  H  =  11-36. 
C48H9008  requires  C  =  72'54;  H  =  11-33  per  cent. 

Ethylic  dicetylbutanetetracarboxylate  crystallises  from  light  pe- 
troleum in  small,  four-sided  plates,  which  melt  at  69'5°.  It  is  readily 
soluble  in  ether,  benzene,  and  toluene,  and  in  hot  light  petroleum, 
glacial  acetic  acid,  and  inethylic  or  ethylic  alcohol  ;  on  cooling,  it 
crystallises  again  from  all  these  solvents. 

.  CH2.C(C16H33)(COOH)2 

Ucetylbutanetetracarboxyhc  ac^d, 


To  prepare  this  acid,  pure  ethylic  dicetylbutanetetracarboxylate 
(1  mol.)  was  digested  for  about  four  hours  with  an  excess  of  a  solution 
of  pure  potassium  hydroxide  (6  mols.)  in  inethylic  alcohol,  in  a  flask 
connected  with  a  reflux  condenser.  After  standing  over  night, 
a  quantity  of  potassium  dicetylbutanetetracarboxylate  had  crystal- 
lised out  ;  this  was  collected,  dissolved  in  hot  water,  and  acidified 
with  hydrochloric  acid,  when  dicetylbutanetetracarboxylic  acid  sepa- 
rated as  an  oil,  which,  on  cooling,  solidified  to  a  hard,  white,  non- 
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crystalline  cake.  To  free  the  acid  from  traces  of  potassium  chloride 
the  cake  was  kneaded  with  a  little  water,  extracted  with  ether,  and 
the  ethereal  solution  washed  with  water.  After  removal  of  the 
ether  by  evaporation,  and  drying  by  exposure  in  a  vacuum  over 
sulphuric  acid,  pure  dicetylbutanetetracarboxylic  acid  was  obtained 
as  a  beautiful,  white,  non-crystalline  mass.  It  was  found  necessary 
to  follow  the  above  method,  starting  with  pure  material  and  utilising 
only  the  purest  products,  in  order  to  prepare  pure  dicetylbutanetetra- 
carboxylic acid,  as  no  solvent  was  found  by  means  of  which  the  crude 
acid  could  be  purified  by  crystallisation. 
On  analysis — 

0-0990  gave  0'2552  C02  and  01007  H20  ;  C  =  70*30 ;  H  =  11-17. 
C40H7408  requires  C  =  70'38 ;  H  =  10'85  per  cent. 

A  further  quantity  of  dicetylbutanetetracarboxylic  acid,  sufficiently 
pure  for  subsequent  operations,  was  obtained  from  the  crude  dark- 
coloured  oily  product,  referred  to  as  being  obtained  in  the  course  of 
the  preparation  of  pure  ethylic  dicetylbutanetetracarboxylate.  After 
hydrolysis  of  the  oil  with  alcoholic  potash,  water  was  added,  and  the 
alcohol  removed  by  evaporation  on  the  water- bath.  On  cooling, 
almost  the  whole  of  the  potassium  dicetylbutanetetracarboxylate 
separated  as  a  yellow  saponaceous  mass,  which  was  freed  from  cetylic 
iodide,  cetylic  alcohol,  cetene,  and  other  impurities,  by  repeatedly 
digesting  it  with  ether  until  it  became  almost  colourless.  The  free 
acid  obtained  from  this  potassium  salt  was  an  almost  colourless 


Dicetylbutanetetracarboxylic  acid  is  a  white  soap-like  body,  which 
has  not  been  obtained  in  a  crystalline  form.  It  does  not  possess  a 
sharp  melting-point,  melting  gradually  between  80°  and  90°,  and 
when  heated  to  150°,  decomposes  with  rapid  evolution  of  carbonic 
anhydride.  It  is  readily  soluble  in  benzene,  toluene,  light  petroleum, 
ether,  and  glacial  acetic  acid,  insoluble  in  water,  and  concentrated 
hydrochloric  and  hydrobromic  acids.  It  is  readily  soluble  in  cold 
ethylic  alcohol,  but  in  methylic  alcohol  its  solubility  varies  extra- 
ordinarily within  a  very  small  range  of  temperature.  Thus,  whereas 
at  23°,  100  grams  of  methylic  alcohol  will  dissolve  4- 2  grams  of  the 
acid,  at  19°  only  1'9  grams  of  the  acid  are  retained  in  solution. 

The  basicity  of  the  acid  was  determined  by  titration  with  deci- 
normal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

0*2141  gram  of  substance  required  0'0701  gram  of  KOH  for 
neutralisation,  phenolphthalein  being  used  as  the  indicator.  A 
quadribasic  acid  of  the  formula  C40H74O8  would  take  0'0703  gram  of 
KOH  to  form  the  quadribasic  salt  C36H70(COOK)4.  On  adding  1 
or  2  drops  of  litmus  solution  to  the  solution  of  the  quadribasic 
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salt,  which  was  neutral  as  indicated  by  phenolphthalem,  a  very 
distinct  blue  coloration  appeared,  which  only  gradually  became  red  as 
hydrochloric  acid  was  run  in. 

It  appears,  therefore,  that  dicetylbutanetetracarboxylic  acid,  like 
diethyl-  and  dimethyl-butanetetracarboxylic  acids,  forms  quadribasic 
salts,  which  are  neutral  to  phenolphthalein,  but  alkaline  to  litmus. 

Salts  of  Dicetylbutanetetracarboxylic  acid.  —  In  connection  with  the 
results  obtained  when  determining  the  basicity  of  the  acid,  it  appeared 
of  interest  to  examine  some  of  its  salts. 

Calcium  salt,  C^H^OgCa.  —  The  acid  was  dissolved  in  dilute 
ammonia,  and  the  excess  of  ammonia  removed  by  evaporation,  until 
the  solution  was  but  very  slightly  alkaline  to  litmus  ;  excess  of 
calcium  chloride  was  then  added,  and  the  mixture  well  shaken. 
The  white  precipitate,  collected  on  a  filter,  washed  with  water,  and 
dried  on  a  porous  plate,  was  freed  from  a  trace  of  colouring  matter  by 
crystallising  it  from  boiling  ethylic  alcohol,  from  which  it  separated 
in  needles. 

For  analysis,  the  salt  was  dried  in  the  air  for  six  days. 

(1.)  0-3176  gave  0'0462  CaS04  ;  Ca  =  4-31. 

(2.)  0-2887    „      0-0424    „  „      4-32. 

(3.)  When  heated  at  100°,  the  calcium  salt  slowly  loses  weight, 
becoming  slightly  viscid,  and  undergoes  slow  decomposition, 
so  that  it  may  possibly  contain  water  or  alcohol  of  crystallisa- 
tion. 

C4oH72O8Ca  requires^Ca  =  4'83  per  cent. 

It  thus  appears  that  the  calcium  salt  which  is  formed  under  the 
above  conditions  is  bibasic.  It  is  insoluble  in  water,  somewhat 
readily  soluble  in  ether,  but  only  sparingly  in  ethylic  alcohol. 

Silver  salt,  C^H^OgAga.  —  The  solution  of  the  ammonium  salt, 
which  was  neutral  as  indicated  by  litmus,  was  poured  into  excess  of 
silver  nitrate  solution,  and  the  mixture  well  shaken.  The  insoluble 
silver  salt  which  was  thrown  down  was  collected  on  a  filter,  well 
washed,  and  dried  on  a  porous  plate  and  over  sulphuric  acid. 

0-1068  gave  0-0260  silver;  Ag  =  24'34. 

C4oH73O8Ag2  requires  Ag  =  24'  11  per  cent. 

The  silver  salt  formed  under  the  above  conditions  appears,  there- 
fore, to  be  bibasic.  It  is  unstable,  and  quickly  blackens  on  exposure 
to  light. 

CH2-CH(C16H33)-COOH 


Pure  dicetylbutanetetracarboxylic  acid  was  heated  in  an  oil-bath  at 
205°  until  carbonic  anhydride  was  no  longer  evolved  ;  on  cooling,  a 
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rather  brown,  non-crystalline  cake  was  formed.  With  the  exception 
of  ether  and  methylic  and  ethylic  alcohols,  it  is  sparingly  soluble  in  the 
usual  solvents  ;  in  methylic  or  ethylic  alcohol  it  is  readily  soluble 
on  warming,  separating  again  in  an  amorphous  form  on  cooling ; 
consequently  the  purification  and  isolation  of  the  two  isomeric 
dicetyladipic  acids  is  a  matter  of  some  difficulty.  It  was  found 
advantageous  to  purify  the  mixture  of  the  isomeric  acids  by  digestion 
with  ethylic  alcohol  and  animal  charcoal ;  after  filtration,  an  almost 
colourless  product  separated  on  cooling,  which  melted  gradually 
between  30°  and  40°. 

Isolation  of  the  modification  of  higher  melting-point. — The  product 
melting  at  30 — 40°  was  dissolved  in  hot  ethylic  alcohol,  and  the  mass 
which  separated  on  cooling,  after  drying  on  a  porous  plate  and  by 
exposure  over  sulphuric  acid  in  a  vacuum,  was  found  to  melt  at 
38 — 42°  ;  on  repeating  this  treatment,  a  substance  was  obtained 
which  melted  at  41 — 43°,  and  subsequent  recrystallisation  did  not 
raise  the  melting-point. 

I.  0-1208  gave  0'3420  C02  and  01355  H20  ;  C  =  77*21 ;  H  =  12'46. 

II.  01227     „     0-3490        „       01380  H20  ;  C  =  77'54;  H  =  12-49. 

C42H6204  requires  C  =  77'53  ;  H  =  12'62  per  cent. 

From  the  results  of  the  analysis,  it  appeared  that  the  substance 
melting  at  41 — 43°  was  not  a  dicetyladipic  acid,  but  its  ethylic  salt, 
formed  by  the  repeated  solution  of  the  acid  in  hot  ethylic  alcohol,  and 
this  was  rendered  the  more  probable  by  its  behaviour  on  hydrolysis. 
To  obtain  the  acid  itself,  the  ethereal  salt  was  hydrolysed  with 
alcoholic  potash;  the  alcohol  was  evaporated  on  the  water-bath, 
hydrochloric  acid  added,  and  the  product  extracted  with  ether  ;  after 
washing  the  ethereal  solution  with  water,  the  ether  was  evaporated 
on  the  water-bath,  and  the  white  mass  obtained  was  dried  by  ex- 
posure over  sulphuric  acid  in  a  vacuum  ;  the  melting-point,  namely, 
40 — 43°,  was  scarcely  altered,  but  analysis  proved  it  to  be  dicetyl- 
adipic acid/ 

0-1138  gave  0'3203  C02  and  0-1267  H20 ;  C  =  76*76;  H  =  12-37. 
C38H7404  requires  C  =  7677 ;  H  =  12'46  per  cent, 

Isolation  of  the  modification  of  lower  melting-point. — In  the  isola- 
tion of  the  modification  of  higher  melting-point,  the  substance 
melting  at  30 — 40°,  obtained  by  heating  dicetyl butanetetracarboxylic 
acid  at  210°,  was  dissolved  in  hot  ethylic  alcohol ;  the  mass  which 
separated  on  cooling  melted  at  38 — 42°,  but  the  mother  liquor,  on 
standing  a  day  or  two,  deposited  a  second  crop,  which  was  found  to 
melt  at  33 — 38°.  The  mother  liquor  from  this  was  concentrated,  and 
on  standing  deposited  a  third  crop,  melting  at  29 — 34°;  this  was 
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dissolved  in  a  small  quantity  of  alcohol,  and  the  solution,  after  a  time, 
deposited  a  pure  white    amorphous  substance,    which,   when   dried, 
melted  at  32—34°. 
On  analysis  — 

01491  gave  0-4188  C02  and  0'1675  H20  ;  C  =  76'65  ;  H  =  12-48. 
C38H7404  requires  C  =  7677  ;  H  =  12'46  per  cent. 

It  is  noteworthy  that  the  lower-melting  dicetyladipic  acid,  unlike 
the  modification  of  higher  melting-point,  does  not  appear  to  form  an 
ethereal  salt  when  repeatedly  dissolved  in  ethylic  alcohol,  though  it  is 
more  readily  soluble  in  the  latter. 


TT 

D.  EthylicDibenzyllutanetetracarloxylate, 


The  quantities  used  in  the  preparation  of  this  substance  were, 

Ethylic  butanetetracarboxylate    ......      35'0  grams. 

Sodium  dissolved  in  60  c.c.  alcohol  .  .  .        4'6       „ 
Benzylic  chloride  ..................      30'0       „ 

The  ethylic  butanetetracarboxylate  was  dissolved  in  the  cold  solu- 
tion of  the  sodium  ethoxide  ;  the  benzylic  chloride  was  then  cautiously 
added,  and  the  mixture  after  shaking  became  perceptibly  warm. 
The  whole  was  then  heated  on  the  water-bath  for  about  two  hours, 
using  a  reflux  condenser  to  complete  the  action.  The  contents  of  the 
flask  were  mixed  with  water,  and  distilled  with  steam  until  the 
alcohol  and  excess  of  benzylic  chloride  were  removed;  on  cooling, 
the  crystals  which  gradually  separated  were  collected,  washed  with 
a  little  water,  and  dried  on  a  porous  plate.  They  were  then  dissolved 
in  ether,  the  ethereal  solution  washed  with  water,  dehydrated  with 
anhydrous  potassium  carbonate,  and  the  ether  evaporated  until  the 
dibenzyl-derivative  began  to  separate.  On  standing,  a  plentiful  crop 
of  small  white  crystals  of  pure  ethylic  dibenzylbutanetetracarboxylate 
was  obtained  ;  on  analysis, 

0-1934  gave  0'4830  C02  and  0'1282  H20  ;  C  =  68'09  ;  H  =  7'34. 
C3oH3808  requires  C  =  68  '44  ;  H  =  7  "22  per  cent. 

Ethylic  dibenzylbutanetetracarboxylate  crystallises  in  small  four- 
sided  tabular  crystals.  It  is  readily  soluble  in  boiling  methylic  or 
ethylic  alcohol,  from  which  it  crystallises  on  cooling.  It  is  somewhat 
more  sparingly  soluble  in  ether  and  in  light  petroleum,  from  both  of 
which  it  crystallises  on  cooling.  It  dissolves  in  warm  benzene,  but 
does  not  separate  out  on  cooling.  When  crystallised  from  ethylic 
alcohol,  it  melts  at  126—127°. 
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.,  CH2-C(C7H7)(COOH)2 

D^benZylbutanetetracarboxyl^c  ac^d, 


This  acid  is  formed  by  the  hydrolysis  of  ethylic  dibenzylbutane- 
tetracarboxylate  with  alcoholic  potash.  About  36  grams  of  the 
pure  ethereal  salt  (1  mol.)  were  heated  for  two  hours  on  the  water- 
bath  with  a  solution  of  24  grams  of  potassium  hydroxide  (6  mols.) 
in  methylic  alcohol,  in  a  flask  connected  with  a  reflux  con- 
denser. After  cooling,  and  standing  over  night,  a  considerable 
quantity  of  potassium  dibenzylbutanetetracarboxylate  separated  in 
the  crystalline  form;  the  alcoholic  solution  was  filtered  off,  and 
worked  up  independently.  The  crystalline  potassium  salt  was 
dissolved  in  water,  and  concentrated  hydrochloric  acid  added,  when 
the  dibenzylbutanetetracarboxylic  acid  separated  in  a  semi-solid 
state,  and  after  standing  for  a  short  time  solidified  to  a  hard  white 
crystalline  cake.  This  was  separated  from  the  mother-liquor, 
washed  with  water,  dried  on  a  porous  plate,  and  purified  by  repeated 
crystallisation  from  75  per  cent,  acetic  acid,  until  the  melting-point 
was  constant.  It  was  found  necessary  to  crystallise  the  acid  six  or 
seven  times. 

For  analysis,  the  acid  was  dried  on  a  porous  plate,  heated  at  100° 
in  an  air-bath,  and  finally  placed  over  potassium  hydroxide  in  a 
vacuum,  to  ensure  the  removal  of  traces  of  acetic  acid,  which  were 
retained  somewhat  persistently. 

I.  0-1491  gave  0-3477  C02  and  0-0763  H2O  ;  C  =  63'59  ;  H  =  5'68. 
II.  0-1483     „    0-3450        „        0-0754  H20;  C  =  63'44;  H  =  5-64. 
III.  0-1591     „     0-3727        „        0'0773  H20  ;  C  =  63'88;  H  =  5'39. 
C22H2208  requires  C  =  6377;  H  =  5'31  per  cent. 

A  further  quantity  of  less  pure  acid  was  obtained  from  the  alco- 
holic mother-liquors  previously  referred  to  above  ;  these  were  mixed 
with  water,  and  after  evaporating  on  a  water-bath  until  free  from 
alcohol,  concentrated  hydrochloric  acid  was  added,  when  the  di- 
benzylbutanetetracarboxylic acid  separated  as  a  heavy  oil  ;  this, 
when  extracted  with  ether,  &c.,  in  the  usual  way,  left  the  acid  as  a 
thick  brownish  oil,  which  did  not  solidify,  even  after  standing  for 
days  over  sulphuric  acid  in  a  vacuum.  This  crude  acid  was,  however, 
sufficiently  pure  for  conversion  into  dibenzyladipic  acids  as  described 
in  the  next  section. 

Dibenzylbutanetetracarboxylic  acid  crystallises  from  dilute  acetic 
acid  in  beautiful  white  plates,  which,  on  exposure  over  potassium 
hydroxide  in  a  vacuum,  slowly  lose  weight,  apparently  from  loss  of 
acetic  acid  of  crystallisation  ;  after  heating  for  a  few  minutes  at  100°, 
the  acid  melts  at  166  —  167°,  with  evolution  of  carbonic  anhydride. 
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Heated  at  100 — 105°,  it  is  very  slowly  converted  into  dibenzyladipic 
acids.  It  is  readily  soluble  in  cold  ether,  and  in  methylic  or  ethylic 
alcohol,  also  in  hot  benzene  or  toluene,  and  more  sparingly  in  light 
petroleum,  from  which  it  crystallises  on  cooling.  It  is  soluble  in 
hot  acetic  acid,  and  crystallises  out  partially  on  cooling,  but  much 
more  completely  on  the  addition  of  water,  as  it  is  very  sparingly 
soluble  in  water. 

The  basicity  of  the  acid  was  determined  by  titration  with  decinor- 
mal  solutions  of  potassium  hydroxide  and  hydrochloric  acid. 

0*1800  gram  of  the  acid  required  0'0486  gram  of  KOH  for  neutral- 
isation, as  indicated  by  litmus.  An  acid  of  the  formula  C18H18(COOH)4 
would  take  0*0974  gram  of  KOH  to  form  the  quadribasic  salt,  or 
0'0487  gram  of  KOH  to  form  the  bibasic  salt. 

A  determination  was  also  made  in  which  phenolphthalein  was  used 
as  the  indicator.  0"2389  gram  of  the  acid  required  0"0678  gram  of 
KOH  for  neutralisation,  as  indicated  by  phenolphthalein  ;  on  adding 
a  drop  or  two  of  litmus  to  the  colourless  solution,  it  was  coloured 
distinctly  blue,  and  two  or  three  drops  of  N/10  hydrochloric  acid 
were  necessary  to  render  the  solution  neutral  to  litmus.  An  acid 
of  the  formula  C18H18(COOH)4  would  require  0'0646  gram  of  KOH  to 
form  the  bibasic  salt  C18H18(COOH)2(COOK)2. 

Whilst,  therefore,  phenolphthalein  and  litmus  did  not  give  abso- 
lutely identical  results,  it  appears  that  dibenzylbutanetetracarboxylic 
acid  tends  to  form  neutral  bibasic  salts. 

Salts  of  Dibenzylbutanetetracarboxylic  acid. — In  view  of  the  result 
obtained  on  titrating  the  acid,  it  was  thought  advisable  to  examine 
some  of  its  salts,  in  order  to  determine  whether  these  were  bibasic  or 
quadribasic. 

Calcium  Salt,  C22H2o08Ca  +  2H20. — About  2  grams  of  the  acid 
were  boiled  with  excess  of  calcium  hydroxide,  and  the  excess  of  lime 
precipitated  by  passing  a  stream  of  carbonic  anhydride  through  the 
solution  ;  the  product  was  boiled  and  filtered,  and  the  filtrate  evapo- 
rated to  a  small  bulk.  The  calcium  salt  which  crystallised  out  was 
collected  in  a  filter,  and  dried  on  a  porous  plate. 

For  analysis,  the  salt  was  dried  by  exposure  to  the  air  for  six  days. 

0-3689,  on  heating  at  110°  till  constant,  lost  0'0286  H20  ;  H20  =  775. 
0-2838  salt  gave  0'0788  CaSO4;  Ca  =  8'17. 

C22H2008Ca  +  2H20  requires  Ca  =  8'23 ;  H20  =  7'37  per  cent. 

The  calcium  salt,  which  is  formed  in  the  above  manner,  appears 
therefore  to  be  bibasic,  crystallising  probably  with  2H20.  It  loses  its 
water  of  crystallisation  very  slowly  over  sulphuric  acid  in  a  vacuum ; 
when  heated  at  150°,  it  gradually  decomposes. 

Silver  Salt,  C22H2008Ag2. — Excess   of   silver  nitrate   solution  wag 
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added  to  a  neutral  solution  of  the  calcium  salt.     The  white  pre- 
cipitate was  collected  on  a  filter,  well  washed  with  water,  and   dried 
on  a  porous  plate  and  finally  over  sulphuric  acid. 
Analysis  proved  the  salt  to  be  bibasic. 

0-4038  gave,  on  ignition,  01389  silver  ;  Ag  =  34'40. 
C22H2008Ag2  requires  Ag  =  34'55  per  cent. 

The  same  silver  salt  is  obtained  on  precipitating  a  neutral  solution 
of  the  ammonium  salt  with  silver  nitrate  solution  ;  it  is  somewhat 
soluble  in  water,  and  decomposes  readily  when  exposed  to  the  light. 

,    CH2-CH(C7H7)'COOH 
ocicfo, 


The  impure  oily  dibenzylbutanetetracarboxylic  acid  (p.  1019)  was 
heated  in  an  oil-bath  at  200°  till  all  evolution  of  carbonic  anhydride 
had  ceased  ;  on  cooling,  the  impure  dibenzyladipic  acid  solidified  to 
a  crystalline  cake.  The  purification  of  this  crude  product,  and  the 
separation  of  the  isomeric  acids,  is  a  somewhat  difficult  matter,  and  is 
best  effected  by  means  of  their  barium  salts.  About  1^  times  the 
theoretical  quantity  of  barium  hydroxide  was  dissolved  in  a  con- 
siderable quantity  of  water,  and  boiled  with  the  crude  dibenzyl- 
adipic acids  for  2^  hours.  As  the  barium  salts  thus  formed  remain 
dissolved  if  the  solution  is  sufficiently  dilute,  the  hot  liquid  was 
filtered,  and  a  current  of  carbonic  anhydride  passed  through  the 
solution  to  remove  the  excess  of  barium  hydroxide.  The  solution 
was  filtered,  the  precipitated  barium  carbonate  washed  repeatedly 
with  water,  and  the  colourless  filtrates  concentrated  on  the  water-bath 
until  about  one-  half  of  the  barium  salts  present  had  crystallised 
out.  The  glistening  white  plates  thus  obtained  were  rapidly  filtered 
from  the  mother-liquor  (the  barium  salts  are  less  soluble  in  hot 
water  than  in  cold),  dissolved  in  water,  and  concentrated  hydrochloric 
acid  added,  when  the  dibenzyladipic  acids  were  thrown  down  as  a 
white,  microcrystalline  precipitate  ;  this  was  collected  on  a  filter, 
washed  with  a  little  water,  and  dried  on  a  porous  plate  ;  the  melting- 
point  was  found  to  be  190  —  210°.  After  recrystallising  three  times 
from  glacial  acetic-  acid,  a  crop  was  obtained  which  melted  at 
207  —  211°  ;  the  mother-liquors  were  concentrated  to  a  small  bulk, 
and  the  acid  which  crystallised  out  again  removed  ;  the  filtrate  was 
then  heated  to  boiling,  and  diluted  with  hot  water  until  a  cloudiness 
began  to  appear  ;  on  cooling,  crystals  were  formed,  which  melted  at 
153—165°.  The  solubilities  of  the  two  crops  melting  at  207  —  211° 
and  153  —  165°  respectively  were  then  compared  in  several  solvents, 
and  it  was  found  that  the  one  melting  at  207  —  211°  was  practically 
insoluble  in  boiling  toluene,  whilst  that  melting  at  153  —  165°  dis- 
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solved   readily,  and   in    large   measure    crystallised   out    again    on 
cooling. 

To  isolate  the  modification  of  dibenzyladipic  acid  of  higher  melting- 
point,  the  crop  melting  at  207 — 211°  was  digested  with  boiling 
toluene,  and  the  undissolved  acid  collected  on  a  filter,  washed,  and 
dried ;  on  repeating  this  process  several  times,  the  final  product 
melted  constantly  at  211 — 213°.  Analysis  proved  it  to  consist  of 
pure  dibenzyladipic  acid. 

0-1440  gave  0*3893  C02and  0'0892  H20;  C  =  7373;  H  =  6'88. 
C20H22O4  requires  C  =  73'62 ;  H  =  675  per  cent. 

To  isolate  the  modification  of  lower  melting-point,  the  product 
melting  at  153 — 165°  was  recrystallised  twice  from  toluene  and  then 
once  from  dilute  acetic  acid,  when  the  acid  was  obtained  in  beautiful, 
colourless  prisms  melting  sharply  at  152°.  It  gave  the  following 
numbers  on  analysis. 

0-1494  gave  0'4028  C02  and  0'0913  H20 ;  C  =  73'53  ;  H  =  679. 
CaoHaA  requires  C  =  73'62  ;  H  =  675  per  cent. 

The  mother  liquor  from  the  barium  salts  of  the  two  acids  gave  a 
much  larger  quantity  of  the  modification  of  lower  melting-point. 

Properties  of  the  dibenzyladipic  acid   melting  at  211 — 213°. — This 
acid  is  deposited  from  its  glacial  acetic   acid  solution  in  clusters 
diamond-shaped  crystals  of  the  following  form. 


The  silver  salt,  C20H2004Ag2,  which  is  very  stable,  was  prepared 
from  the  ammonium  salt  in  the  same  way  as  the  other  silver  salts 
(p.  1011).  It  gave  the  following  numbers  on  analysis. 

0-2056  gave  0'0821  silver ;  Ag  =  39'93. 

C2oH2004.Ag2  requires  Ag  =  4OOO  per  cent. 

Properties  of  the  dibenzyladipic  acid  melting  at  152°. — This  acid 
crystallises  from  dilute  acetic  acid  in  six-sided  prisms  of  the  follow- 
ing form. 
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EThe  silver  salt,  C2oH2o04Ag2,  was  prepared  in  the  same  way  as  the 
other  silver  salts,  and  analysed  with  the  following  result. 
0-2620  gave  01049  Ag  on  ignition.     Ag  =  40'03. 
C20H2o04Ag2  requires  Ag  =  40'00. 
It  is  somewhat  soluble  in  hot  water,  and  blackens  rapidly  on  ex- 
posure to  light. 

The  solubility  of  the  two  dibenzyladipic  acids  in  various  solvents 
may  be  conveniently  recorded  in  tabular  form. 


Solvents. 

Solubilities  of  the  two  dibenzyladipic  acids. 

Dibenzyladipic  acid 
melting  at  211—213°. 

Dibenzyladipic  acid 
melting  at  152°. 

Ether  

Soluble  in  the  cold. 
Soluble  in  the  cold. 
Soluble  in  the  cold. 
Insoluble. 

Only  slightly  soluble  on  boil- 
ing. 

Insoluble. 
Insoluble. 
Very  sparingly  soluble  in  the 
cold  ;     on    boiling   it   dis- 
solves readily,  and  on  cool- 
ing crystallises  out  again. 

Readily  soluble  in  the  cold. 
Eeadily  soluble  in  the  cold. 
Readily  soluble  in  the  cold. 
Soluble  on  heating;  the  acid 
is  not  precipitated  on  cooling. 
Readily  soluble  on  warming; 
on  cooling  the  acid  crystal- 
lises out  again. 
Insoluble. 
Insoluble. 
Readily  soluble  in  cold  acetic 
acid;  it  is  precipitated   in  a 
crystalline   form   on   adding 
water. 

Methylic  alcohol   .  . 
Ethylic  alcohol  .... 

Light  petroleum  .  .  . 
Water  

Glacial  acetic  acid.  . 

It  will  be  seen  from  the  above  table  that  the  two  dibenzyladipic 
acids  differ  markedly  in  their  degree  of  solubility  in  benzene,  toluene, 
and  glacial  acetic  acid ;  the  acid  melting  at  152°  being  much  the  more 
soluble  of  the  two.  . 

The  author  desires  particularly  to  thank  Professor  W.  H.  Perkin, 
jun.,  for  the  fruitful  suggestioa  which  led  to  this  research,  and  for 
the  encouragement  which  was  given  whilst  it  was  in  progress. 
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Note  on  the  affinities  of  polybasic  acids. 
By  BEVAN  LEAN,  D.Sc.,  B.A. 

LIEBIG,  in  1838,  after  a  study  of  a  number  of  organic  acids,  laid 
down  as  the  criterion  of  polybasicity  the  capability  of  forming  salts 
with  different  metallic  oxides.  The  theory  of  polybasic  acids  was 
further  developed  by  Laurent  and  Gerhardt,  and  later  by  Wurtz  and 
Kekule,  and,  as  a  result  of  their  labours,  the  basicity  of  an  acid  has 
been  regarded  as  determined  by  the  number  of  stages  in  which  the 
hydrogen  can  be  displaced,  or,  in  other  words,  by  the  number  of  salts 
it  can  form  with  a  specified  monad  metal.  More  recently  the 
researches  of  Thomsen  and  Ostwald  have  furnished  other  methods 
by  which  the  basicity  of  acids  can  be  determined,  and  in  other  ways 
have  enlarged  our  knowledge  of  this  class  of  compounds. 

It  is  here  desired  to  call  attention  to  facts  which  show  that  the 
affinity  of  a  polybasic  acid  is  a  complex  function  of  the  several 
affinities  of  all  the  groups  contained  within  its  molecule. 

In  the  first  place,  it  is  to  be  observed  that  the  thermal  effects  of 
the  interaction  of  the  first,  second,  &c.,  equivalents  of  a  base  with  an 
acid,  are  not  necessarily  the  same — on  the  contrary,  they  are,  in 
general,  different.  The  following  instances  may  be  quoted  from 
Thomsen's  work. 


Heat  produced  on  neutralisation  of  acids. 

Sulphuric. 

Oxalic. 

Succinic. 

Phosphoric. 

1st  NaOH      

14,750 
16,650 

13,850 
14,450 

12,400 
11,750 

14,850 
12,250 
6,950 

2ndNaOH  

3rd  NaOH  

Although  these  numbers  sufficiently  indicate  the  basicity  of  the 
acids,  it  is  now  recognised  that  the  heats  of  neutralisation  of  the 
aqueous  solutions  of  .the  acids  do  not  represent  exactly  the  quantities 
of  heat  liberated  by  the  interaction  of  the  acid  with  the  base. 
Secondary  actions  often  occur,  such  as  the  dissociation  of  the  salts 
and  formation  of  hydrates,  so  that  the  thermal  effect  is  only  the  final 
resultant.  To  avoid  these  sources  of  error,  Berthollet  (Ann.  Cliim. 
Phys.  [5],  4, 122  and  130)  showed,  several  years  ago,  that  it  is  sufficient 
to  refer  all  the  compounds  to  the  solid  state.  Some  determinations 
which  Massol  (Compt.  rend.,  112,  1062)  made  in  this  direction 
in  1891,  are  particularly  worthy  of  attention.  He  measured  the 
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heats  of  neutralisation  of  the  first  and  second  molecules  of  a  base 
with  the  molecules  of  bibasic  acids  of  the  oxalic  acid  series,  the  pro- 
duct being  the  solid  salts.  He  obtained  the  following  results. 


Oxalic. 

Malonic. 

Succinic. 

Sulphuric. 

1st  KOH  

34280 

27870 

25  260 

47  800 

2nd  KOH            

24690 

20700 

21  150 

33  600 

The  particular  point  of  importance  in  these  observations  is  that  in 
every  case  the  second  molecule  of  the  base  liberates  less  heat  than  the 
first,  whilst  in  measurements  of  the  heat  of  neutralisation  in  aqueous 
solution  the  reverse  was  frequently  observed  by  Thomsen.  Massol 
pointed  out  that  whilst  the  heat  developed  on  neutralising  formic 
acid  by  potassium  hydroxide  is  25,800  units  when  the  solid  salt  is 
formed,  oxalic  acid,  which  may  be  regarded  as  a  carboxylic  derivative 
of  formic  acid,  has  more  than  twice  as  great  a  heat  of  neutralisation, 
as  though  the  two  carboxyl  groups  effect  a  mutual  strengthening  of 
one  another.  It  is  seen  from  the  above  table  that,  when  one  of  these 
carboxyls  is  neutralised,  the  acid  salt  acts  like  formic  acid,  and  has 
almost  the  same  heat  of  neutralisation.  The  results,  then,  at  which 
he  arrived,  Massol  attributed  to  a  reciprocal  action  between  the  acid 
groups — an  action  which  is  less  in  degree  in  malonic  and  succinic 
acids,  in  which  the  carboxyl  groups  are  farther  apart  from  one 
another. 

Berthelot,  in  a  note  to  Massol's  paper,  pointed  out  that  the  greater 
developmeut  of  heat  by  the  first  molecule  of  base  is  a  necessary  con- 
sequence of  the  fact  (Ann.  Chim.  Phys.  [5],  4,  130)  that  a  bibasic 
acid  interacts  with  its  own  normal  salt  forming  an  acid  salt  with 
development  of  heat. 

Reverting  now  to  the  researches  of  Ostwald  and  his  collaborate urs 
on  the  electrolytic  conductivity  of  carboxylic  acids,  many  facts  are 


Monobasic  acids.* 


Bibasic  acids.f 


Formic  acid 0  '0214 

Acetic      „    0  -00180 

Propionic  acid 0  '00134 

Butyric       „     0  '00149 

Yaleric        „     0 '00161 

Hexylic      „     0-00145 


Oxalic  acid  . 
Malonic  acid 
Succinic    „ 
Glutaric    „ 
Adipic       „ 
Pimelic     ,, 


10- 

0  -171J 
0  -00665 
0  -00475 
0  '00371 
0  -00357 


*  Ostwald,  Zeit.  physical.  Chem.  (1889),  3,  174. 
f  Ostwald,  ibid.  (1889),  3,  271. 
J  Bethmann,  ibid.  (1890),  5,  402, 
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found  which  have  significance  in  the  present  connection.  The 
table  (p.  1025)  has  been  drawn  up  to  show  the  relations  between  the 
"  dissociation  constants  "  of  organic  acids  of  the  acetic  and  oxalic  acid 
series. 

Assuming  that  the  "  dissociation  constants  "  of  acids  are  a  measure 
of  their  affinities,  it  is  seen  at  once  that  as  the  homologous  series  are 
ascended  the  affinity  of  the  acid  decreases,  and  that  by  introducing 
a  second  carboxyl  group  into  a  monobasic  acid  the  affinity  of  the  acid 
is  in  every  case  more  than  doubled,  indicating  a  mutual  strengthening 
influence  of  the  two  carboxyls  on  one  another,  and  it  is  also  seen  that 
this  influence  decreases  in  extent  as  the  distance  between  the  two 
groups  is  increased.  Such  an  increase  in  the  affinity  of  one  carboxyl 
group  by  the  introduction  of  another  is  parallel  to  the  increase  which 
is  effected  in  phenol  by  the  introduction  of  chlorine  atoms  or  nitro- 
groups. 

The  influence  of  the  introduction  of  alkyl  groups  into  bibasic  acids 
of  the  oxalic  acid  series  has  been  studied  by  Bethmann  (Zeit.  physical 
Chem.,  1890,  5,  403),  Walden  (ibid.,  1892,  8,  433),  and  Walker 
(Trans.,  1892,  61,  696).  The  following  tables  of  "dissociation  con- 
stants "  have  been  compiled  from  their  papers. 

Malonic  acid,  0  '171. 


Methyl-                 

0'086 

0  '076 

Ethyl- 

0'127 

Diethyl- 

o  -74 

0-113 

Dipropyl-  .  . 

O'lol 

Dibenzyl-    .    . 

4'1 

Succinic  acid,  0'00665. 


Anti. 

Para. 

Methyl- 

0  -0086 

0  '0122 

O  'f)9O4, 

Ethyl  

0  -0085 

Diethyl-  .  .  . 

0  -0245 

0  '0343 

Propyl-    . 

0  -0089 

Methylbenzyl- 

0  *0'->19 

Benzyl-        

0  -0091 

Ethylbenzyl- 

0  "0261 

Glutaric  acid,  0  -00475. 


Anti. 

Para. 

Methyl-  

0  '0052 

0*0053 

0  '0055 

Ethyl- 

Diethyl- 

A  •OOtlpi 

O.nrkCE 

Mctliylpropyl- 

0  "0059 
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Pimelic  acid,  0  '00357. 


Dimethyl-*        .  . 

0  '00339 

Diethyl-  

0  -00345 

0  -0032 

0  '0048 

Although  there  are  some  irregularities  which  require  explanation, 
the  figures  in  the  above  tables  bring  out  clearly  the  fact  that  an  in- 
crease in  the  conductivity  of  a  bibasicacid  is  effected  by  the  introduc- 
tion of  alkyl  groups,  and  the  heavier  the  group  the  greater  is  its 
influence.  The  benzyl  group  on  account  of  its  mass,  but  probably 
more  by  reason  of  its  acid  character,  appears  to  have  an  especial  in- 
fluence on  the  conductivity.  Further,  as  the  distance  between  the 
two  carboxyls  is  increased,  the  effect  of  the  introduction  of  alkyl 
groups  is  diminished. 

In  view  of  the  relations  which  have  already  been  brought  oub,  it  is 
of  great  interest  to  compare  the  constants  of  tetracarboxylic  acids 
with  those  of  the  corresponding  dicarboxylic  acids.  The  only  cases 
which  appear  to  have  been  investigated  hitherto  are  the  dimethyl- 
and  diethyl- derivatives  of  pentaiietetracarboxylic  acid ;  in  each  case, 
as  Walker  has  found,  the  affinity  of  the  acid  is  enormously  increased 
by  the  close  proximity  of  the  two  carboxylic  groups  at  either  end  of 
the  molecular  chain. 


Pimelic  acid. 

Pentanetetracarboxylic 
acid. 

Eatio. 

0  -00339 

0'37 

1  :  109 

0  -00345 

2-1 

1  :  608 

The  new  dialkyl- derivatives  of  adipic  acid  and  of  butanetetra- 
carboxylic  acid,  described  in  the  preceding  paper,  are  now  in  the 
hands  of  Dr.  J.  Walker. 

Other  facts  recorded  in  the  preceding  paper  also  have  a  bearing  on 
the  present  subject.  It  was  found  that  the  quadribasic  potassium 
salts  of  dimethyl-,  diethyl-,  and  dicetyl-butanetetracarboxylic  acids 
are  alkaline  to  litmus,  and  the  indefinite  character  of  the  final  colour 
change  showed  that  long  before  the  theoretical  quantity  of  alkali 
had  been  added,  the  acids  had  been  almost  completely  neutralised ; 
and,  further,  the  neutral  silver  and  calcium  salts  of  dicetyl-  and 
dibenzyl-butanetetracarboxylic  acids  were  found  to  be  bibasic. 
This  fact,  apparently  so  anomalous,  is  in  measure  understood  on 

*  The  dialkylpimelic  acids  have  not  been  separated  into  two  modifications, 
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ling  that  in  the  tetracarboxylic  acids  there  are  two  carboxyl 
groups  attached  to  one  carbon-atom  at  either  end  of  the  molecular 
structure,  thus 

HOOC  .  .  . 

COOH  • 


Such  a  juxtaposition  of  negative  groups  we  have  seen  enormously 
increases  the  affinity  of  the  acid,  but  so  soon  as  a  bibasic  salt  is 
formed,  for  instance 


the  strengthening  influence  of  one  carboxyl  on  another  no  longer 
exists,  and  instead  we  have  the  influence  of  the  group  COOK  on  the 
group  COOH,  with  the  result  that  the  salt  although  dicarboxylic 
has  little  or  no  acid  action.  When  R  is  the  alkyl  group  methyl  or 
ethyl,  the  bibasic  salts  have  a  slight  acid  action,  and  quadribasic  salts 
were  obtained;  whereas  when  R  is  the  heavier  group,  benzyl  or 
cetyl,  it  was  not  found  possible  to  prepare  quadribasic  salts. 

The  facts  which  have  been  adduced  show  clearly  that  the  chemical 
activity  of  a  polybasic  acid  is  a  complex  function  of  the  affinities  of 
the  several  groups  which  it  contains,  and  that  the  influence  of  one  or 
more  groups  cannot  be  removed  without  affecting  those  of  the  rest, 
The  chemical  character  in  fact  of  an  element  or  group  of  elements 
within  a  molecule  depends  not  alone  on  itself,  but  also  on  the  nature 
and  position  of  those  in  the  vicinity  of  which  it  is  found. 

The  Owens  College, 
Manchester. 


HARBISON  AND  SONS,  Printers  in  Ordinary  to  Her  Majesty,  St.  Martin's  Lane. 


CH 
ft  0-METHYLETHYLPROP10NIC  ACID,  c  HS>CH  CH,-COOH 


W.  H.  BENTLEY,  B.Sc. 


[From  the  Transactions  of  the  Chemical  Society,  1895.] 


00-Methylethylpropionic  acid,  c>CH  CH2-COOH. 
By  W.  H.  BBNTLEY,  B.Sc. 

DURING  the  course  of  experiments  which  are  being  carried  on  in  the 
laboratories  here,  on  the  action  of  fused  potash  and  soda  on  camphoric 
acid,  various  fatty  acids  have  been  obtained,  and  in  order  to  determine 
their  constitution,  it  was  necessary  to  synthesise  certain  fatty  acids 
hitherto  unknown.  At  the  suggestion  of  Dr.  Perkin,  I  under- 
took the  synthesis  of  /3/3-methylethylpropionic  acid,  and  to  study 
its  properties.  Methyl  ethyl  ketone  was  chosen  as  the  starting  point, 
and  this  was  first  reduced  to  methylethylcarbinol  by  the  action  of 
sodium  on  its  moist  ethereal  solution,  and  the  alcohol  then  converted 
into  secondary  butylic  iodide,  CH3*CHI'C2H5,  by  the  action  of  iodine 
and  phosphorus.  This  iodide,  when  treated  with  ethylic  sodiomalonate, 
is  readily  converted  into  ethylic  secondary  butylmalonate, 

CHNa(COOEt)2  =  >CH-CH(COOEt)2  +  Nal, 


which,  on  hydrolysis  and  subsequent  distillation,  yields  /8/3-methyl- 
ethylpropionic  acid,  thus  — 


CaH  >CH'CH<cS81  =  CC2I;>CH-CH,COOH  +  CO, 


From  the  pure  acid,  which  boils  constantly  at  196°,  the  following 
derivatives  were  prepared. 

Ethylic  salt,  C5HU-COOC2H5  .........  b.  p.  157—158°. 

Amide,  CSH11-CONH2  ...............  m.  p.  125°. 

Anilide,  C6HU-CONH-C6H6  ..........  „    88°. 

Paratoluidide,  C5Hn-CO-NH-C7H7  ....  „     75°. 

Methyl  ethyl  ketone,  CH3'COC2H5.  —  This  was  prepared  by  Booking's 
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method  (Annalen,  1880,  204, 17),  by  the  hydrolysis  of  ethylic  niethyl- 
acetoacetate,  by  boiling  it  with  one-fourth  its  weight  of  dilute  sul- 
phuric acid  (20  per  cent.)  for  six  hours  in  a  flask  provided  with  a 
reflux  condenser.  The  whole  was  then  distilled  in  a  current  of  steam, 
the  distillate  mixed  with  potassium  carbonate,  extracted  several  times 
with  ether,  and  the  ethereal  solution  washed  successively  with  small 
quantities  of  water  to  remove  alcohol  ;  it  was  then  dried  with  calcium 
chloride,  and  the  fraction  boiling  at  80 — 82°  collected. 

Secondary  Butyl  Alcohol;  Methylethylcarbinol,  CH3'CH(OH)'C2H5. — 
The  action  of  sodium  amalgam  on  aqueous  solution  of  the  ketone 
gave  such  a  small  yield  of  methylethylcarbinol  that  this  method  was 
abandoned  in  favour  of  the  following.  The  ketone  was  dissolved  in 
five  times  its  volume  of  ether,  poured  on  to  a  strong  solution  of  caustic 
soda  contained  in  a  bottle  fitted  with  a  reflux  condenser,  and  small 
pieces  of  sodium  were  thenxdropped  into  the  mixture ;  the  white 
substance,  which  separated  during  the  reduction,  probably  the  sodium 
compound  of  the  alcohol,  was  decomposed  by  the  addition,  from  time 
to  time,  of  small  quantities  of  water,  and  the  whole  was  kept  cool  by 
immersing  the  bottle  in  water.  When  about  twice  the  theoretical 
quantity  of  sodium  had  been  added,  the  ethereal  solution  was 
separated  from  the  caustic  soda,  dried  with  potassium  carbonate,  and 
fractionated.  The  unreduced  ketone  was  put  back  again  into  the 
bottle  and  treated  with  more  sodium,  whilst  the  fraction  96 — 110°, 
consisting  chiefly  of  the  alcohol,  was  carefully  fractioned,  the  portion 
boiling  at  98 — 103°  being  employed  in  the  subsequent  experiments ; 
the  boiling  point  of  methylethylcarbinol,  according  to  Lieben  (Annalen, 
18G9,  150,  114),  is  99°  (738-8  mm.). 

Secondary  Butylic  Bromide,  CH3*CHBr*C2H5. — This  substance,  which 
does  not  seem  to  have  been  previously  examined,  was  prepared  by 
heating  the  alcohol  with  three  times  its  volume  of  fuming  hydro- 
bromic  acid  for  one  hour  in  a  reflux  apparatus,  a  stream  of  hydrogen 
bromide  being  passed  through  the  liquid  during  the  operation.  On 
adding  water  to  the  product,  the  bromide  separated  as  a  heavy  oil. 
After  drying  over  calcium  chloride  and  fractionating,  it  boiled 
constantly  at  89 — 90°  and  gave  the  following  numbers  on  analysis. 

Found Br  =  58'62 

Theory  for  C4H9Br 58'39. 

Secondary  Butylic  Iodide,  CH3-CHI'C2H5,  has  been  obtained  from 
erythrol  (De  Luynes,  Bull.  Soc.  Chim.,  2,  3),  from  ethyldichlor- 
ether,  C2H3C1(C2H5)OC2H5  (Lieben,  Annalen,  150,  96),  and  from 
normal  butylene  (Wiirtz,  Annalen,  1869,  152,  23),  in  each  case  by  the 
action  of  hydriodic  acid.  As  the  result  of  several  experiments,  I  found 
that  the  simplest  way  of  preparing  it  was  by  treating  secondary  butyl 
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alcohol  with  iodine  and  phosphorus  in  the  usual  way.  To  the  mixture 
of  the  alcohol  (65  grams)  with  red  phosphorus  (10  grams),  iodine 
(111  grams)  was  added  in  small  quantities  at  a  time.  After  standing 
for  some  time,  the  whole  was  heated  in  a  reflux  apparatus,  distilled, 
and  the  distillate  washed  successively  with  a  dilute  solution  of  sodium 
hydrogen  sulphite,  and  with  water ;  it  was  then  dried  with  calcium 
chloride  and  fractionated.  The  pure  iodide  is  a  colourless  liquid 
boiling  at  118°,  the  yield  was  almost  quantitative. 

Ethylic  Secondary  Butylmalonate,  (CH3)(C2H5)CH-CH(COOEt)2.— 
In  the  first  experiments  made  with  the  object  of  obtaining  this  com- 
pound, the  bromide  was  employed ;  sodium  (9  grams)  was  dissolved 
in  alcohol,  ethylic  malonate  (62  grams)  added,  and  the  mixture 
digested  with  secondary  butylic  bromide  (53  grams),  until  the 
reaction  was  neutral.  On  adding  water,  extracting  with  ether,  and 
distilling  the  washed  and  dried  ethereal  solution,  the  oily  residue 
left  when  the  ether  had  passed  over  distilled  between  195°  and  198°, 
and  on  examination  was  found  to  consist  entirely  of  ethylic  rnalonate. 
The  bromide  had  evidently  been  decomposed  into  an  unsaturated 
hydrocarbon  and  hydrogen  bromide  ;  and  the  latter,  acting  on  the 
ethylic  sodiomalonate,  gave  sodium  bromide  and  ethylic  malonate  ;  this 
behaviour  appears  to  be  by  no  means  uncommon,  several  other 
instances  of  a  similar  character  having  been  observed  here. 

Subsequent  experiments  showed  that  secondary  butylic  iodide 
behaves  in  this  respect  quite  differently  from  the  bromide,  as  when 
digested  in  alcoholic  solution  with  ethylic  sodiomalonate,  a  very  good 
yield  of  ethylic  secondary  butylmalonate  is  obtained. 

Sodium  (16  grams)  was  dissolved  in  ethylic  alcohol  (170  grams), 
ethylic  malonate  (109  grams)  added,  and  the  whole  digested  with 
secondary  butylic  iodide  (125  grams)  for  two  hours.  The  neutral 
product  was  cooled,  diluted  with  3  vols.  of  water,  extracted  with 
ether,  and  the  ethereal  solution  distilled  after  being  washed  with 
water  and  dried  with  calcium  chloride ;  the  residue  left,  after  the 
ether  had  passed  over,  was  twice  fractioned.  The  pure  ethylic 
secondary  butylmalonate  thus  obtained  boiled  at  228 — 231°,  and,  on 
analysis,  gave  the  following  results. 

Found C  =  60-54 ;  H  =  9'21  per  cent. 

Theory  for  CnH2004     C  =  6M1;  H  =  9'26      „ 

Secondary   Butylmalonic  acid,   (?^>CH-CH(COOH)2.— In  order 

to  prepare  this  acid,  the  purified  ethereal  salt  was  boiled  with  an 
excess  of  alcoholic  potash  for  two  hours,  the  product  diluted  with 
water,  and  evaporated  until  all  the  alcohol  had  been  removed. 
The  solution  was  then  acidified  and  extracted  with  ether,  and  the 
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